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Although research on multilingualism has revealed continued neuroplasticity for
language-learning beyond what was previously expected, it remains controversial
whether and to what extent a second language (L2) acquired in adulthood may induce
changes in the neurocognitive processing of a first language (L1). First language (L1)
attrition in adulthood offers new insight on neuroplasticity and the factors that modulate
neurocognitive responses to language. To date, investigations of the neurocognitive
correlates of L1 attrition and of factors influencing these mechanisms are still scarce.
Moreover, most event-related-potential (ERP) studies of second language processing
have focused on L1 influence on the L2, while cross-linguistic influence in the reverse
direction has been underexplored. Using ERPs, we examined the real-time processing
of Italian relative-clauses in 24 Italian-English adult migrants with predominant use
of English since immigration and reporting attrition of their native-Italian (Attriters),
compared to 30 non-attriting monolinguals in Italy (Controls). Our results showed
that Attriters differed from Controls in their acceptability judgment ratings and ERP
responses when relative clause constructions were ungrammatical in English, though
grammatical in Italian. Controls’ ERP responses to unpreferred sentence constructions
were consistent with garden path effects typically observed in the literature for these
complex sentences. In contrast, due to L2-English influence, Attriters were less sensitive
to semantic cues than to word-order preferences, and processed permissible Italian
sentences as outright morphosyntactic violations. Key factors modulating processing
differences within Attriters were the degree of maintained L1 exposure, length of
residence in the L2 environment and L2 proficiency – with higher levels of L2 immersion
and proficiency associated with increased L2 influence on the L1. To our knowledge,
this is the first demonstration that high levels of L2 proficiency and exposure may
render a grammatical sentence in one’s native language ungrammatical. These group
differences strongly point to distinct processing strategies and provide evidence that
even a “stabilized” L1 grammar is subject to change after a prolonged period of L2
immersion and reduced L1 use, especially in linguistic areas promoting cross-linguistic
influence.
Keywords: neuroplasticity, first language attrition, second language acquisition, event-related potentials,
language processing, crosslinguistic influence, relative clauses, language exposure
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INTRODUCTION
First Language (L1) Attrition
First language (L1) attrition allows us to study the impact of
the second language (L2) on the native-language in a context
of prolonged L2 immersion and reduced L1 use, usually after
immigration to a new country (Köpke and Schmid, 2004).
A number of behavioral studies have shown that attrition is
typically detectable in the domain of lexical-semantics (de Bot,
1996; Köpke, 1999; Hulsen, 2000; Paradis, 2003, 2007; Köpke and
Schmid, 2004; Montrul, 2008; Opitz, 2011), whereas findings have
been mixed in the domain of morphosyntax (Ammerlaan, 1996;
Gürel, 2004; Tsimpli et al., 2004; Kim et al., 2010; Schmid, 2010;
Schmid and Köpke, 2011; Sorace, 2011). Moreover, it has been
shown that L1 attrition is far less pervasive in adults than in
children (see reviews by Köpke, 2004 and Köpke and Schmid,
2004), in whom L1 linguistic patterns are argued to be deeply
entrenched (Tokowicz and MacWhinney, 2005) and stabilized
(Bylund, 2009).
While some behavioral studies have provided evidence of L2
influence on the grammar of adult L1 attriters (see Schmid,
2011), neurocognitive investigations of L1 attrition are still scarce
(Pallier, 2007; Datta, 2010; Schmid, 2013; Kasparian, 2015).
A recent event-related-potential (ERP) study by Bergmann et al.
(2015) tested German–English attriters’ processing of gender
agreement violations and verb form combinations, compared to
monolingual native speakers of German. Both groups showed the
same ERP response (a posterior P600 effect) when processing
gender agreement violations. However, when processing verb
form violations, only the attriters showed an additional N400
effect prior to the posterior P600, suggestive of potential influence
from their L2-English grammar, in which verb form violations
have been found to elicit such biphasic N400+P600 responses
(Sabourin and Stowe, 2008). The authors did not report whether
these response patterns were modulated by any factors related
to the attriters’ bilingual experience, such as L1 proficiency,
exposure/use, length of residence (LoR), etc. Attriters scored
lower than native-monolinguals on a written proficiency measure
(German C-test, Schmid and Dusseldorp, 2010) but did not differ
in their acceptability ratings nor on an oﬄine gender assignment
task. The authors concluded that the predominantly used L2
engenders little change to the processing of the deeply entrenched
L1 grammar, and that ERPs are less susceptible to attrition effects
than active language production.
The opposite was found in a recent ERP study of number
agreement processing in Italian by Kasparian et al. (2016).
Although attriters (L1-Italian, L2-English) scored numerically
lower on a number of written and oral proficiency measures,
the only behavioral difference from native-controls that reached
significance was the attriters’ longer response times during the
online acceptability judgment task. In contrast, L1 processing
routines examined at two target points within a sentence revealed
both qualitative and quantitative ERP differences between
groups. Subject-verb number mismatches elicited a robust N400
effect in attriters but not in native-controls, reflecting attriters’
stronger expectations for agreement between a sentence-initial
NP and the verb, likely as a result of English word-order
influence. Attriters also differed from native-monolinguals in
the sentence-repair processes indexed by the late posterior P600
(Hagoort and Brown, 2000; Carreiras et al., 2004; Molinaro et al.,
2008). Interestingly, the late P600 was larger (i.e., more similar to
native-monolinguals) in attriters with more frequent L1-Italian
use.
As the experimental sentences in Kasparian, Vespignani,
and Steinhauer tested combinations of both local- and non-
local number agreement mismatches between three inflected
constituents (noun, verb, and modifier), it seems likely that
more complex morphosyntactic manipulations resulted in
greater processing differences between attriters and native-
monolinguals, compared to Bergmann et al. (2015). The present
study aims to more directly examine L1 changes induced by
the L2 grammar by testing the real-time processing of complex
linguistic structures that operate differently in Italian and English,
namely relative clause constructions.
Relative Clause Processing
The comprehension of relative clauses has been studied
extensively across languages, with both oﬄine and online
measures. These studies have generally demonstrated that subject
relative clauses (e.g., The reporter that attacked the senator
admitted the error) are easier to process than object relative
clauses (e.g., The reporter that the senator attacked admitted the
error) in most languages (Schriefers et al., 1995; De Vincenzi,
1996; Hagoort and Brown, 2000; Friederici et al., 2001; Traxler
et al., 2005; but see Carreiras et al., 2010 for an opposite
preference in Basque). In the comprehension of temporarily
ambiguous subject-first and object-first sentences, the initial
tendency is to disambiguate the sentence toward a subject-first
reading (Clifton and Frazier, 1989; De Vincenzi, 1991; Schriefers
et al., 1995; Bader and Meng, 1999; Schlesewsky et al., 2000).
A mismatch between the preferred/expected structure that is
automatically computed online and the actual input leads to
longer reading times and poorer accuracy in the less preferred
condition. Several theories have been proposed to explain such
processing preferences, ranging from syntactic accounts (e.g.,
Clifton and Frazier, 1989), working memory (WM) load (e.g.,
Frazier and Fodor, 1978), the simultaneous influence of syntactic
and non-syntactic information (e.g., MacDonald et al., 1994),
usage frequency (e.g., MacDonald et al., 1994; McRae et al., 1998),
to universal complexity (e.g., MacWhinney, 1982).
A number of ERP studies have shown that unpreferred relative
clause sentences create garden-path effects and require revision
once the disambiguating element (e.g., number of the verb) is
encountered. These processes have been associated with a centro-
parietal P600 effect and/or a preceding early frontal positivity,
depending on the processing difficulty involved in constructing
the sentence interpretation (Mecklinger et al., 1995; Steinhauer
et al., 1997; Friederici et al., 2001).
The centro-parietal P600 is an effect that has not only been
elicited by outright syntactic violations (e.g., Neville et al., 1991;
Hagoort et al., 1993; Friederici et al., 1996, 1999), but also
by violations of structural preference in garden-path sentences
(Osterhout and Holcomb, 1992, 1993; Osterhout et al., 1994),
as well as in response to less expected syntactic structures
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(Kaan et al., 2000). In these studies, the P600 effect has
sometimes been discussed as reflecting processes of diagnosis
and re-analysis or repair that are required to arrive at a
well-formed sentence (see ‘Diagnosis and Repair’ theory by
Fodor and Inoue, 1998, discussed in Friederici et al., 2001
for garden-path sentences). Larger and more prolonged P600s
between 500 and 900 ms typically reflect costlier repair processes
(Hagoort and Brown, 2000; Carreiras et al., 2004; Silva-Pereyra
and Carreiras, 2007; Molinaro et al., 2008). The P600 response
has also been associated with a mismatch between expected and
actual semantic (thematic) roles assigned to NP arguments by the
critical verb (Kuperberg et al., 2003; see also Hoeks et al., 2004;
Kim and Osterhout, 2005). According to this view, a processing
cost is incurred when semantic biases are overridden by the
semantic relationships dictated by the syntactic structure of the
sentence (see also Kolk et al., 2003; van Herten et al., 2005). In line
with this interpretation, sentence revision and repair has been
shown to be more difficult when both NPs are animate (Mak et al.,
2002, 2006; Traxler et al., 2002). An ERP study of object relative
clauses (Weckerly and Kutas, 1999) reported a P600 effect on
both the relative clause verb and the matrix verb when thematic
roles based on animacy were contradicted by the thematic roles
actually assigned by the verb, that is for sentences where the
inanimate (rather than the animate) noun was the subject of
the verb (e.g., The novelist that the movie inspired praised the
director. . .).
A somewhat earlier posterior positivity has also been discussed
as a P300 component (Mecklinger et al., 1995; Friederici and
Mecklinger, 1996; Steinhauer et al., 1997; Friederici et al.,
2001). The P300 (specifically the P3b) has been described as
reflecting a process of WM updating that may be triggered
by having encountered an unexpected syntactic structure.
Studies investigating garden-path effects in German object
relative-clauses (Mecklinger et al., 1995; Steinhauer et al., 1997)
revealed a positivity around 350 ms for participants with a
high reading span – an effect that was taken to reflect a
revision process that is less cognitively demanding (Friederici and
Mecklinger, 1996) than revision processes which trigger a late
and longer-lasting posterior P600 (see also Hagoort et al., 1999;
Hagoort and Brown, 2000).
A more frontally distributed positivity (often termed “frontal
P600”) has also been reported for non-preferred sentence
continuations or complex ambiguous sentences (Osterhout and
Holcomb, 1992; Hagoort et al., 1999; Van Berkum et al., 1999;
Friederici et al., 2002; Kaan and Swaab, 2003; Penolazzi et al.,
2005). Similar frontal positivities have also been discussed as
belonging to the P300 family (specifically a P3a; cf. Bowden et al.,
2013) and reflecting surprise (Squires et al., 1975; Polich, 2007)
or an attentional shift when processing an unexpected stimulus
(Näätänen and Galliard, 1983).
The P600 is often accompanied by preceding negativities
between 300 and 500 ms, although this pattern is more
typical for morphosyntactic violations than for garden-path
sentences (e.g., Friederici, 2002; Molinaro et al., 2011). In
reading studies, such negativities are most often left-lateralized
[i.e., the left-anterior negativity (LAN); see also Steinhauer
et al., 2010 for left-temporal negativities (LTN)] and reflect
mismatches with structure-based expectations (Molinaro et al.,
2011). While LANs and LTNs are typically viewed as the
most likely ERP response preceding the morpho-syntactic P600,
negativities may have a broader distribution near midline
and are interpreted as N400 components, reflecting either
additional lexical processing costs (eADM model: Bornkessel and
Schlesewsky, 2006; Brouwer et al., 2012) or also mismatches with
structure-based morphological expectations (Tanner et al., 2013).
Most interpretations of the N400 in sentence contexts are linked
to lexical processing difficulties, during either word retrieval
or semantic integration (Kutas and Federmeier, 2011). Both
P600 and N400 amplitudes show a gradual increase the stronger
the linguistic anomaly and the more difficult the underlying
processes.
Cross-Linguistic Differences in Italian
and English Relative Clauses
Cross-linguistic differences in morphosyntactic properties and in
semantic biases make the study of relative clause comprehension
relevant for bilingual speakers, particularly when the two
linguistic systems operate differently in sentence processing
preferences, as is the case for English and Italian.
The two languages have been shown to differ in the cues
that speakers make use of during sentence interpretation. As
English has a strict word-order and a less detailed system
of morphological markers, English speakers rely heavily on
word-order for sentence interpretation. Conversely, Italian has
a relatively free word-order and rich morphological marking
system, thus number agreement and semantic information (e.g.,
animacy, thematic roles) are more salient cues than word-order
in identifying the subject of a sentence (see “Competition Model”;
Bates et al., 1982; MacWhinney, 1987; MacWhinney and Bates,
1989; see also Bornkessel-Schlesewsky and Schlesewsky, 2009;
Bornkessel-Schlesewsky et al., 2011).
In terms of word-order, Italian relative clauses have been
described as having four syntactically acceptable constructions
(i.e., two different word-orders that are both compatible with
subject- and object-first relative clauses; see Table 1). Sentences
may follow a NP-[V-NP] structure (henceforth “V-NP”) or a
TABLE 1 | An example of experimental sentences is provided for each
condition.
Condition
(1) V-NP-subject Il poliziotto (S) che arresta i ladri (O) registra i nomi. The
policeman (S) that arrests the thieves (O) registers the
names.
(2) V-NP-object∗ I ladri (O) che arresta il poliziotto (S) attendono in macchina.
The thieves (O) that arrests the policeman (S) wait in the car.
(3) NP-V-subject∗ Il poliziotto (S) che i ladri (O) arresta registra i nomi. The
policeman (S) that the thieves (O) arrests registers the
names.
(4) NP-V-object I ladri (O) che il poliziotto (S) arresta attendono in macchina.
The thieves (O) that the policeman (S) arrests wait in the car.
English translations are presented in italics. The target noun is underlined and
subject/object roles are indicated in parentheses. The asterisk (∗) marks those
conditions which are morphosyntactic violations in English.
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NP-[NP-V] structure (henceforth “NP-V”) in which the relative
pronoun “che” (= that/who) is directly followed by the second
NP rather than by the verb. Although all four constructions are
syntactically acceptable, NP-V-subject constructions have been
described as having a low usage frequency, as they occur in poetry
or songs, but less frequency in everyday Italian (Di Domenico
and Di Matteo, 2009; as confirmed by acceptability ratings from
native Italian speakers that we collected prior to creating our final
stimuli). Given these four potential sentence constructions, the
pronoun “che” can refer either to the subject or object of the
relative clause; thus, the disambiguation of the sentence relies on
semantic information and/or number agreement with the verb
(Penolazzi et al., 2005; Di Domenico and Di Matteo, 2009).
In a behavioral reading study of Italian native-speakers, Di
Domenico and Di Matteo (2009) tested the acceptability and
processing difficulty – as reflected by reading times – of these
word-orders, using reversible sentences with animate nouns,
where verb number was the only disambiguating cue (e.g., The
director that criticized−sing the workers anticipated the holidays).
Results showed that the V-NP-subject construction was the most
preferred1 and was associated with the fastest reading times
on the verb of the relative clause. Increased reading times
registered for the V-NP-object and NP-V-subject conditions
were taken as evidence of revision and integration processes,
after a preferred sentence structure was initially pursued. The
authors argued in favor of two processing phases: a first phase
where an automatically developed sentence structure is revised,
followed by a second phase further downstream where the revised
interpretation and assigned thematic and syntactic roles are
confirmed. Once these processes have taken place, no further
reading delays were incurred on subsequent words.
In contrast, English only allows for V-NP-subject and NP-V
object word-orders, whereas VP-NP-object and NP-V-subject
sentences are outright syntactic violations (Table 1), regardless
of whether the sentence interpretation is supported by
semantic/thematic information and/or number agreement.
It was therefore of interest to examine whether the processing
routines underlying Italian relative clause comprehension may
have changed as a result of prolonged daily exposure to English.
Cross-Linguistic Influence in Sentence
Processing in Bilinguals
It has been widely attested that a bilingual’s two languages
are simultaneously active during the real-time processing of
only one language. Evidence of influence of the L1 during
online L2 morphosyntactic processing has been demonstrated
in eye-tracking (Frenck-Mestre and Pynte, 1997) and ERP
studies (e.g., Sabourin, 2003; Ojima et al., 2005; Tokowicz
and MacWhinney, 2005; Kasparian et al., 2010; Foucart and
Frenck-Mestre, 2011, 2012; White et al., 2012). Research has
also examined the factors at play in modulating the degree
of L1–L2 influence – linguistic similarity, L2 proficiency
and exposure levels have been shown to affect the extent
1Acceptability means per condition were not reported in the paper but were
obtained in a personal communication with the authors. The order of acceptability
of the sentence conditions was #1, 4, 2, 3.
of L1-transfer and the degree of native-like-ness in the
L2 (see reviews by Kotz, 2009 and Caffarra et al., 2015).
Modulations of cross-linguistic transfer, in both lexical-semantic
and morphosyntactic domains, have been explained in terms
of relative frequency of use and activation thresholds, with
the more dominant language (generally the L1) associated
with a higher baseline activation level and a better efficiency
in regulating cross-linguistic competition (e.g., McDonald,
1987; MacWhinney, 1992; Kroll and Stewart, 1994; Jared and
Kroll, 2001; Dijkstra and Van Heuven, 2002; Gollan et al.,
2008).
In contrast, studies that have explored transfer in the reverse
direction (L2 onto L1) have been more limited, particularly in
morphosyntax (Frenck-Mestre and Pynte, 2000; Linck et al.,
2009; Whitford and Titone, 2012; Timmer et al., 2014). An eye-
tracking study by Dussias and Sagarra (2007) tested attachment
preferences in temporarily ambiguous relative clauses (e.g., the
brother1 of the actress2 that? went to Boston) in Spanish–
English bilinguals with either limited or extensive L2 immersion
experience, compared to native-Spanish monolingual speakers.
Differences in relative clause attachment preferences were
found between groups; while monolingual Spanish speakers and
bilinguals with limited immersion experience reliably preferred
to attach the relative clause to the first NP as Spanish speakers
do (e.g., Cuetos and Mitchell, 1988; Carreiras and Clifton, 1993;
Carreiras et al., 2004; Mitchell and Cuetos, 1991, Unpublished),
bilinguals with extensive L2-English exposure attached the
relative clause to the second NP as English speakers do (Frazier
and Clifton, 1996; Carreiras and Clifton, 1999; Dussias, 2001,
2003). Interestingly, the differences between the bilingual groups
held when L2 proficiency was matched. The authors take these
results to support the permeability of the L1 system as a result
of extensive L2 exposure. These findings can be explained within
the same theoretical frameworks outlined above, only that the
L2 has become the predominantly used language, rather than
the L1.
It can be argued that attriters belong on the same language
experience continuum as those L2 learners who have been
extensively immersed in the L2, whether or not attrition consists
of a more extreme shift from L1 to L2.
The Present Study
Using ERPs, the present study examined the real-time processing
of four different word-orders of Italian relative clauses in a group
of Italian-English adult migrants who have been predominantly
exposed to English since immigration and who have unanimously
reported experiencing attrition in Italian (Attriters), compared
to 30 non-attriting native-speakers in Italy (Controls). In one
of the earliest ERP studies of adult L1 attrition and the first to
systematically manipulate a complex aspect of morphosyntax to
yield a paradigm where the L1 and L2 either converge or diverge,
our main aim was to determine whether there were quantitative
and/or qualitative differences in L1 processing patterns in
attriters, due to L2 immersion. Secondly, we studied whether L1
processing was modulated by factors such as L2-influence, L1/L2
proficiency, L1/L2 use or LoR in the L2 environment. Finally, to
address the open question of whether attrition effects are more
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pervasive in online comprehension or in behavioral/production
tasks, we compared online and oﬄine responses.
We expected the groups to differ most on the two critical
conditions [(2) V-NP-o and (3) NP-V-s], as those sentences
are syntactically acceptable in Italian but not in English. If
native-Controls and Attriters were to process these sentences
as permissible but unpreferred (due to the mismatch with
syntactic/semantic preferences and/or lower usage frequency2),
then they may show an increased reliance on semantic cues
(N400 effect for unpreferred conditions; cf. Mecklinger et al.,
1995) and engage in a revision process similar to what has been
documented for garden-path sentences (frontal positivity and/or
P600). Instead, if Attriters were to show influence from L2-
English morphosyntax, we would expect them to process V-NP-o
and NP-V-s sentences as morphosyntactic violations, eliciting
ERP responses that differ in latency and scalp topography
from those elicited by the native-Controls. According to most
authors (e.g., Molinaro et al., 2011), attriters would therefore
elicit ERP responses associated with the early detection (LAN)
and diagnosis/repair (robust P600) of a violation, and not show
evidence of relying on semantic cues for disambiguation. Since
some authors have reported that a subset of subjects elicit N400s
for morpho-syntactic violations (e.g., Tanner and Van Hell, 2014),
finding an N400 in Attriters would be somewhat ambiguous. In
terms of individual differences, we would expect that the Attriters
who differ most from Controls in their L1-processing are those
individuals with higher L2 proficiency, higher L2 exposure and/or
a longer LoR. Such findings would show a shift from L1-cues
to L2-cues with increased L2 proficiency and exposure in adult
attriters (see McDonald, 1987).
It is worth noting that our experimental design tests attriters’
processing of sentences that are syntactically correct in their L1
(but not in their L2), rather than the typical approach of testing
their responses to L1 morphosyntactic violations. Thus, while the
common finding is that less exposed or less proficient speakers
(usually L2 learners) elicit smaller or delayed ERP effects than
native-speakers or more proficient L2 learners, in the case of
the present study, we would expect the reverse, namely that L1
attriters would elicit stronger morphosyntactic violation effects,
as a result of predominant English (L2) exposure.
MATERIALS AND METHODS
Participants
Twenty-four Italian native-speakers (14 female; M age: 36;
Range: 25–50) who had relocated to Canada in adulthood [M
age at immigration (AoA of English3): 28.2 years; Range: 18–
40; M length of residence: 11 years; Range: 1–26] were tested
at McGill University in Montreal, Canada. Attriters reported
limited exposure/use of their L1-Italian (M daily L1 exposure:
14.92%; Range: 1–40%), and described changes or difficulties
2It is not within the scope of the present study to disentangle between these views.
3Participants unanimously considered their AoA of English to coincide with their
age of immersion into English (i.e., immigration), given that their exposure to
English within the Italian school system was only minimal.
as a result of their predominant L2-English use (M daily L2
exposure: 69.54%; Range: 60–96%). Thirty Italian native-speakers
were tested as a control group at the University of Trento in
Rovereto, Italy (17 female; M age: 31; Range: 25–54). They had
little to no exposure to second languages (including English and
Italian dialects), which we operationally defined as less than 5 h
per week. All participants except one were right-handed and with
no known history of neurological disorders.
Background Measures
A background questionnaire collected participants’ demographic
(age, gender, and education) and language information. Attriters
answered additional questions about their immigration history,
context and amount (in hours per week and % per day) of
L1/L2 exposure and use, motivation for L1 maintenance and
L2 mastery, and identity/attitudes toward each language and
culture. Both groups completed four proficiency measures : (1) A
written self-report measure where they rated their L1 proficiency
level on a scale from 1 to 7 in listening, reading, pronunciation,
fluency, vocabulary, and grammatical ability; (2) A written C-test
(Italian version: Kraš, 2008), where they were asked to fill in the
blanks in 5 short texts in which 20 words in each text had been
partially deleted; (3) A written error-detection test (Kasparian,
2015), where they had to detect and correct errors in two texts;
and (4) A timed verbal semantic fluency task where they were
asked to produce as many vocabulary items a given semantic
category within 1 min. They also completed (1) a timed reading
fluency task where they silently read and answered as many
true-false statements as possible in 3 min (adapted into Italian
based on Woodcock et al., 2003), and (2) the letter-number-
sequencing task from the Italian WAIS-IV as a measure of WM
(Orsini and Pezzuti, 2013). The purpose of these tasks was to
ensure that any group differences were not a result of reading
speed and/or WM differences. Group means are provided in
Table 2. Attriters scored numerically lower on all four proficiency
TABLE 2 | Group means (standard deviation) for Italian proficiency and
control tasks (ps > 0.1).
Background measures Controls
(n = 30)
Attriters
(n = 24)
Self-report of proficiency
(7-point scale)
7 (0) 6.87 (0.2)
Listening comprehension 7 (0) 7 (0)
Reading comprehension 7 (0) 7 (0)
Pronunciation 7 (0) 6.96 (0.2)
Fluency 7 (0) 6.79 (0.6)
Vocabulary 7 (0) 6.63 (0.7)
Grammar 7 (0) 6.83 (0.4)
C-test (%) 96.3 (4.4) 95.2 (4.6)
Error-detection test (%) 90.0 (5.1) 89.5 (5.9)
Verbal semantic fluency
(average of two categories)
23.4 (5.5) 21.5 (3.9)
Reading fluency (correct in
3 min)
71.6 (13.0) 75.3 (15.0)
Working memory
Correct 11.2 (2.7) 11.9 (2.6)
Span 5.4 (1.1) 5.7 (1.1)
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measures, though they did not differ significantly from Controls
(p> 0.1).
Stimuli
Examples of each of the four experimental conditions are
provided in Table 1. Each sentence began with a noun phrase
(definite article + noun) which was either the subject or object
of the verb in the relative clause, depending on the condition.
The stimuli were based on the work of Di Domenico and
Di Matteo (2009) in Italian and Mecklinger et al. (1995) in
German. Noun-verb-noun triplets were created to form strong
agent-patient relationships to disambiguate the sentence (e.g.,
attorney/convict/lawyer). Only animate nouns were used and
psych verbs (fear, threaten, appreciate, love, etc.) were avoided,
as they assign different theta roles (Bourguignon et al., 2012).
There were no repetitions among nouns and verbs. Number
was counterbalanced within each condition, such that half
the sentences in each condition began with a singular subject
noun, and half with a plural subject noun. Lemma frequency
information for all nouns and verbs was obtained (CoLFIS
database; Bertinetto et al., 2005). Both lemma frequency and
length of NP1 (M freq.: 187.79; M length: 7.71) and NP2 (M freq.:
195.19; M length: 7.76) were matched across triplets (ps > 0.1).
Sentences were nine words long; the target verb was either in
fourth position (conditions 1 and 2) or sixth position (conditions
3 and 4). The final three words in the sentence were always the
matrix-clause verb, a function word and a noun.
A set of 108 different sentences were constructed
and realized in each of the eight conditions (four main
conditions × singular/plural). Eight experimental lists were
created such that, across lists, each sentence contributed
equally to each condition, while no sentence was repeated
within any of the experimental lists. Each participant also
saw 216 filler sentences, which were part of the larger study
(testing number agreement and lexical-semantic processing)
and will be reported in separated papers (Kasparian and
Steinhauer, 2016; Kasparian et al., 2016). Out of the total of 324
pseudorandomized stimuli (108 experimental and 216 fillers) per
participant, 146 sentences (approximately 45%) were acceptable
(grammatically and semantically), while 178 were expected
to receive a rating of 3 or lower on a five-point rating scale
(approximately 55%). Our stimuli were verified by two Italian
native-speakers.
Procedure
All participants provided written informed consent prior to their
participation in the study. After completing the questionnaires
and behavioral tasks, participants were fitted with the EEG
cap and seated in a dimly-lit, sound-attenuated booth, at
approximately 80 cm from the computer monitor with a Cedrus
seven-button RB-740 response box placed in front of them
(Cedrus Corporation, San Pedro, CA, USA). Participants were
instructed that their task would be to rate the acceptability
of various Italian sentences on a scale from 1 (unacceptable)
to 5 (perfect). We used a rating scale rather than a binary
acceptability judgment task in order to better capture the range of
permissibility of the relative clause constructions, which were not
outright violations in Italian. Moreover, among native-speakers,
a rating scale may be more sensitive to subtle group differences
than yes/no decisions. Words were presented in white 40-point
Arial font characters, at the center of a black background. Each
trial began with the presentation of a white fixation cross for
500 ms, followed for 200 ms by a blank screen (ISI). Each
word then appeared one at a time for 300 ms (+200 ms ISI).
A visual prompt (“???”) followed the offset of the sentence-
final word and remained on the screen until participants’ button
press, after which an image of the blue eye appeared at the
center of the screen for a 2000 ms interval for participants
to blink their eyes. The next trial began after the blinking
interval. Each session lasted approximately 3 h, including setup,
short breaks and cap removal. All consent forms, materials and
procedures were approved by the Ethics Review Board of each
institution.
EEG Recording and Analysis
The EEG was recorded continuously from 25 Ag/AgCl electrodes,
19 of which were electrodes mounted on a standard electro-
cap according to the 10–20 system (Jasper, 1958), and six of
which were external electrodes: four electro-oculogram (EOG)
channels placed above and below the left eye (EOGV), and
at the outer canthus of each eye (EOGH), as well as two
reference electrodes placed on the mastoids (A1 and A2). All
electrodes were referenced online to the left mastoid (A1).
Impedances were kept strictly below 5 k for scalp and
reference electrodes, and below 10 k for EOG electrodes. Signals
were amplified using NeuroScan (Canada) and BrainVision
(Italy) and filtered online with a band-pass filter of 0.1 to
100 Hz a sampling rate of 500 Hz. Data pre-processing and
analyses were carried out using EEProbe (ANT, Enschede,
Netherlands). Oﬄine, EEG recordings were filtered with a
phase-true 0.3–40 Hz band-pass filter. Trials containing artifacts
due to blinks, eye-movements, and excessive muscle activity
were rejected prior to averaging, using a moving-window
(400 ms) standard deviation of 30 µV. On average, participants
contributed 25 artifact-free trials per condition out of 27
trials, with no differences across conditions (ps > 0.1). One
Attriter was excluded from the analysis due to exceedingly noisy
trials.
Event-related potentials were analyzed separately for the
V-NP and NP-V word-orders4 and were time-locked to the
onset of the verb in the relative clause. For the V-NP contrast,
the baseline correction was from −200 to 0 ms. For NP-
V conditions, the baseline was set at 0 to 1200 ms, due to
4Our rationale for this decision was based on several reasons. First, the word-
orders differed between the first pair of conditions (V-NP) and the second pair of
conditions (NP-V), resulting in differences in the sentence context that appeared
prior to the relative clause verb (where we time-locked our analyses). As reported,
we also used a different baseline correction for the NP-V analysis. Similarly,
representative time windows to best capture the relevant ERP effects differed
between the two word-orders and would have required to introduce additional
time windows. Including ‘word-order’ (V-NP; NP-V) as a factor with relative clause
type (subject, object) and group (attriters, controls) along with time-window and
topographical factors would have resulted in very complex ANOVA that would
most likely result in many significant interactions that would distract from the
actual patterns rather than clarify them. For the sake of clarity, we believe reporting
the two types of violations in separate sections is the only feasible way.
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early differences in Attriters that created a baseline problem5.
ERPs were quantified in time-windows corresponding to each
component of interest, based on visual inspection of the
data. For V-NP analyses, the time-windows were: (1) 300–400
(LAN/N400); (2) 650–850 (P600); (3) 850–1050 (late P600).
For NP-V analyses: (1) 300–400 (LAN/N400); (2) 550–650
(frontal positivity); (3) 650–900 (P600); and (4) 900–1050 (late
P600).
Repeated-measures ANOVAs were performed separately
for 4 midline electrodes (Fz, Cz, Pz, and Oz) and 12 lateral
electrodes (F3/4, C3/4, P3/4 and F7/8, T3/4, T5/6). Global
ANOVAs for the midline sites included within-subject factors
Condition (C: subject, object) and Ant-Post (AP: anterior, central,
parietal, occipital). Lateral ANOVAs additionally included
factors Hemisphere (left, right) and Laterality (lateral, medial).
Group (G: Controls, Attriters) was the between-subjects factor.
Greenhouse-Geisser correction was applied to analyses with
more than two levels (e.g., AP). In these cases, the corrected
p-values but original degrees of freedom are reported. Reported
analyses are restricted to the midline only, except in cases
where the lateral ANOVAs revealed additional effects. Post
hoc analyses when following up multi-level main effects or
interactions in ANOVAs were not affected by post hoc Bonferroni
corrections; all significant post hoc analyses remained significant
after correction for multiple comparisons (cf., Keppel and
Wickens, 2004). Correlations were performed between all
relevant participant factors (LoR, exposure, Italian proficiency,
English proficiency) and experimental data (acceptability
judgments, ERP effects quantified at a representative electrode
in representative time-windows). In ANOVAs and correlational
analyses, we do not report non-significant results unless
motivated in specific contrasts, i.e., to emphasize the absence
of an effect in one group or one condition compared to
another.
RESULTS
Acceptability Judgments
Acceptability ratings (1–5) for each sentence condition are
shown in Figure 1. Overall, the acceptability rating results
were in line with the findings from Di Domenico and Di
Matteo (2009) where the order of acceptability was condition
# 1 < 4 < 2 < 3 in Italian native-speakers. The repeated-
measures ANOVA with factor Condition (C: 1, 2, 3, 4) and
Group (G: Controls, Attriters) revealed a significant C main effect
[F(3,153) = 104.184, p < 0.0001] and a C × G interaction
[F(3,153) = 2.60, p < 0.05]. Follow-up analyses of the C
main effect showed that, across both groups, conditions 1
and 4 were significantly more accepted than conditions 2 and
3 (p < 0.0001 for all corresponding pairwise comparisons).
Moreover, Condition 2 was rated as more acceptable than
Condition 3 (p < 0.0001), whereas the two grammatical
5The new baseline worked against our hypotheses, as the original baseline
overestimated the early negativity found in Attriters (but not in Controls). Plots
with the original baseline correction are provided in Supplementary Materials.
FIGURE 1 | Group acceptability ratings on a scale from 1 (completely
unacceptable) to 5 (perfect) by condition. Attriters rated V-NP-o and
NP-V-s sentences significantly less favorably than Controls (∗∗∗p < 0.005).
Error bars represent standard deviation.
conditions 1 and 4 only differed numerically from each other
(p = 0.4). Most importantly, the C × G interaction indicated
that (compared to Controls) Attriters were more likely to
reject those sentences that are ungrammatical in English.
That is, Attriters (provided significantly lower ratings than
Controls for V-NP-o [F(1,52) = 10.40, p < 0.005] and NP-V-s
[F(1,52) = 8.434, p < 0.005] conditions, while not differing on
V-NP-s and NP-V-o (ps > 0.1). As expected, Attriters judged
the two conditions that are outright grammatical violations
in English as less acceptable in Italian than native-controls,
suggesting influence from their L2-English grammar. In addition,
higher levels of Italian-L1 exposure were significantly correlated
with more positive acceptability ratings for these unpreferred
conditions (V-NP-o: r = 0.367, p < 0.005; NP-V-s: r = 0.318,
p< 0.01).
In line with the interpretation that Attriters treated the
two critical conditions as outright morphosyntactic violations,
we found that Attriters’ acceptability ratings for the two
unpreferred relative-clause conditions were not found to differ
statistically from ratings the same participants provided in the
same experimental session for outright morphosyntactic number
agreement violations (ps > 0.1, see Kasparian et al., 2016).
Conversely, the same native-Controls provided significantly
higher acceptability ratings for the RC word-orders than
for number agreement violations presented in the same
experimental session, indicating that they did indeed consider
these RC word-orders as more grammatically acceptable than the
Attriters.
To better understand group differences and variability in
ratings for the two critical conditions (V-NP-o and NP-V-s),
participants were clustered into high-raters and low-raters
by median split across all participants’ ratings6 (Table 3).
6We analyzed the results separately for VN orders (2) and NV orders (2) because
participants were categorized as high- or low-raters based on their acceptability
judgments on the 2 unpreferred conditions (i.e., V-NP-object and NP-V-subject),
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TABLE 3 | Mean (standard deviation) acceptability ratings per condition by
group and rater-type.
V-NP-s V-NP-o NP-V-s NP-V-o
Low-rater Controls
(n = 10)
3.61 (0.49) 3.27 (0.19) 2.64 (0.43) 3.64 (0.50)
High-rater Controls
(n = 20)
4.31 (0.30) 3.86 (0.27) 3.67 (0.31) 4.28 (0.41)
Low-rater Attriters
(n = 16)
3.71 (0.39) 2.96 (0.28) 2.51 (0.34) 3.65 (0.40)
High-rater Attriters
(n = 7)
4.21 (0.39) 3.98 (2.58) 3.53 (0.33) 4.28 (0.26)
For V-NP word-orders, a Condition (subject vs. object) main
effect [F(1,53) = 51.28, p < 0.0001] was qualified by a
significant interaction between Condition × Rater Type × Group
[F(1,53) = 5.913, p < 0.05]. The Group (Controls vs.
Attriters)× Rater-Type (High vs. Low) interaction was significant
for V-NP-o sentences [F(1,53) = 7.49, p < 0.01], as “low-rater”
Attriters rated the unpreferred V-NP-o condition significantly
less favorably than even “low-rater” Controls. The trend followed
the same direction for NP-V-s sentences, where we found
a significant interaction between Condition × Rater Type
[F(1,53) = 12.57, p < 0.01]. “Low-rater” Attriters rated the
unpreferred NP-V-s sentences less favorably than “low-rater”
Controls, although this numerical difference did not reach
statistical significance (p = 0.7). There were no significant
differences between the two “high-rater” subgroups of Controls
vs. Attriters for either condition (ps > 0.1). The differences
between the “low rater” subgroups suggest that there is
more at play than individual variability among native Italian
speakers.
Reaction Times
Reaction times between the onset of the prompt and
participants’ button-press are shown in Figure 2. The
repeated-measures ANOVA with factors Condition (1, 2,
3, 4) and Group (G: Controls, Attriters) revealed a main
effect of Group [F(1,52) = 7.547, p < 0.008], reflecting
Attriters’ overall slower response times than Controls7.
Contrary to previous results that unpreferred (object)
and uncanonical (NP-V) sentences take longer to process
(as in Di Domenico and Di Matteo, 2009), differences
between conditions did not reach significance (ps > 0.1).
This may be a result of our task (i.e., acceptability rating
rather than a comprehension question) or the oﬄine nature
of this measure, as participants’ responses were given at
the end of the sentence rather than on the target word,
as is standard practice to avoid motor artifacts in the
EEG.
and it was not always the case that the same participants were “low” raters for both
unpreferred orders.
7Attriters were not slower across the board than Controls for all experiments
conducted as part of the larger study. However, they also exhibited slower response
times in a study of Italian number agreement processing (Kasparian et al., 2016)
which tested similarly complex sentences.
FIGURE 2 | Group reaction times (in seconds) by condition. Attriters
were consistently slower than Controls ∗p < 0.05, ∗∗p < 0.01. Error bars
represent standard deviation.
ERP Results for V-NP-Object vs.
V-NP-Subject
Grand average ERP waveform for V-NP (Object vs. Subject)
conditions time-locked to the verb of the relative clause are
presented in Figure 3 (Controls) and Figure 4 (Attriters). In
Controls, unpreferred (though syntactically acceptable) object
relative clauses elicited a broadly distributed N400-like negativity
(300–400 ms) and late posterior P600 (850–1050 ms). In Attriters,
there is no evidence of a negativity, and the P600 effect appears to
have an earlier onset, larger amplitude, and broader distribution
(650–1050 ms). Group differences for relevant time intervals are
illustrated with topographical maps in Figure 5.
N400 (300–400 ms)
The global midline ANOVA between 300 and 400 ms revealed a
significantC×G interaction [F(1,52)= 7.56, p< 0.01], due to the
presence of a negativity in Controls [F(1,29) = 9.78, p < 0.005]
but not Attriters (ps > 0.1). No interactions with topographical
factors pointing toward a left and/or anterior scalp distribution
reached significance in the lateral ANOVA (ps > 0.1). The
negativity in response to object-relative sentences was therefore
consistent with a N400 effect.
To aid in the interpretation of the functional significance of
the N400, we examined ERP patterns in relation to acceptability
ratings. Our hypothesis of enhanced reliance on semantic cues
in Controls is supported by the finding that Controls who
provided higher acceptability ratings for V-NP-o sentences (high
raters) elicited a significant N400 [F(1,19) = 12.96, p < 0.005],
whereas low rater Controls elicited a weak N400 that was
not statistically reliable (ps > 0.1)8. The N400 was therefore
associated with higher acceptability rather than with a violation
8Despite large differences between high and low rater Controls in terms of N400
amplitudes, F-values, and p-values, the “Condition × Rater” interaction did not
reach significance (p = 0.1). Sample size differences may have played a role.
However, an important point to emphasize is that we would expect the opposite
if the N400 were an indicator of a violation effect.
Frontiers in Psychology | www.frontiersin.org 8 March 2017 | Volume 8 | Article 389
fpsyg-08-00389 March 28, 2017 Time: 16:38 # 9
Kasparian and Steinhauer Processing Changes in L1 Attrition
FIGURE 3 | Event-related-potentials (ERPs) elicited by the verb in response to V-NP-object sentences (pink) compared to V-NP-subject sentences
(green) in Controls. Time ranges depicted on the x-axis are relative to the onset of the verb of the relative clause (0 ms). Negative values are plotted up. Controls
show an N400 effect followed by a late, posterior P600 effect.
effect. In contrast, within Attriters, the N400 was absent not
only in low but also high raters who did not even show a trend
toward an N400 (ps> 0.8), suggesting an insensitivity to semantic
cues in sentence interpretation9. These patterns are illustrated in
Figure 6.
In line with our hypothesis that Attriters were influenced by
L2-English grammar in which word-order prevails over semantic
cues, correlations revealed less negative amplitudes for object-
relatives at Pz in Attriters with a longer LoR (r = 0.346, p< 0.05)
and with higher L2-English proficiency scores (C-test: r = 0.313,
p= 0.07).
Early P600 (650–850 ms)
In the early time window for the P600, the midline ANOVA
showed a significant C × AP [F(3,156) = 4.56, p < 0.05]
and a marginal C × G interaction [F(1,52) = 3.62, p = 0.06].
Group follow-ups showed that Attriters elicited a broadly
distributed P600 [C: F(1,23) = 5.03, p < 0.05] whereas C × AP
9The difference between high rater Controls and high rater Attriters was marginal
[F(1,25)= 3.04, p= 0.09].
was marginal [F(3,69) = 3.15, p = 0.06], but the P600
did not even approach significance in Controls (ps > 0.6).
Attriters show an enhanced processing cost in this early P600
time-window when processing V-NP-o sentences, compared to
native-Controls.
Within Attriters, a larger P600 amplitude at Pz was associated
with a longer LoR (r = 0.346 p < 0.05) and higher L2-English
proficiency scores (Semantic fluency: r = 0.347; p < 0.05),
suggesting that increased L2 immersion and proficiency is
associated with stronger morphosyntactic violation effects, as a
result of L2 influence on the L1.
Late P600 (850–1050 ms)
At the midline, a significant main effect of C [F(1,52) = 6.71,
p < 0.01] was qualified by a significant C × AP interaction
[F(3,156)= 8.13, p< 0.0001], reflecting the posterior distribution
of the late P600 [F(1,52) at Cz< Pz<Oz]. The 3-wayC×AP×G
interaction was marginal [F(3,156)= 2.26, p= 0.08] but reached
significance in the lateral ANOVA [F(2,104) = 6.48, p < 0.01].
Group follow-ups revealed a significant C × AP interaction
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FIGURE 4 | Event-related-potentials elicited by the verb of the relative clause in V-NP-object sentences (pink) compared to V-NP-subject sentences
(green) in Attriters. Unlike Controls, Attriters do not elicit an N400 effect. The P600 effect is earlier, larger and broadly distributed in Attriters.
in Controls [midline: F(3,87) = 10.16, p < 0.0005; lateral:
F(3,87) = 17.91, p < 0.0001] but not Attriters (ps > 0.1). In
Attriters, only a main effect of C was marginally significant
at midline sites [F(1,23) = 3.26, p = 0.08]. Thus, overall,
Attriters elicited a weaker and more broadly distributed P600
than Controls in this later time-window.
Time-Window Analysis of P600
To investigate whether the groups differed significantly in
the latency of the P600, we conducted an additional analysis
including factor time-window (TW) comparing the two time-
windows reported above (i.e., 650–850 vs. 850–1050 ms).
The midline ANOVA revealed a TW × C × G interaction
[F(1,52) = 9.01, p < 0.005], which was driven by a
TW × C interaction in Controls [F(1,29) = 13.81, p < 0.005]
but not Attriters (p > 0.1). The lateral ANOVA showed
that the distribution also differed across groups and TWs
[TW × C × AP × G: F(2,104) = 3.82, p < 0.05].
Group follow-ups revealed a significant TW × C × AP
interaction in Controls [F(2,58) = 9.45, p < 0.005], whereas
no interactions with factor TW reached significance in Attriters
(ps > 0.1). This analysis further supported the finding that
the P600 differed in latency and distribution between groups,
with Attriters showing a more robust, earlier and more
broadly distributed P600 effect for V-NP-o sentences than
Controls.
ERP Results for NP-V Subject vs. NP-V
Object
Grand average ERP waveforms for NP-V (Subject vs. Object)
conditions time-locked to the verb of the relative clause are
presented in Figure 7. In Controls (Figure 7), unpreferred
(though syntactically acceptable) subject relative clauses with
this word-order elicited only weak differences compared to
the object relative clause: a small frontal positivity visible
at Fz (550–650 ms) was followed by a small posterior P600
beginning around 700 ms. In contrast, Attriters (Figure 8)
elicited a large negativity that extended to frontal sites
(300–400 ms), a numerically larger fronto-central positivity
(550–650 ms) and a larger, earlier and seemingly less posterior
P600 effect than Controls. Comparing both conditions in
each of the two groups indicates that the English violation
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FIGURE 5 | Voltage maps (left) and ERP difference waves (right) illustrating condition differences (V-NP-object minus V-NP-subject) in Controls and
Attriters for each time-window of interest.
FIGURE 6 | Voltage maps illustrating condition differences (V-NP-object minus V-NP-subject) in subgroups of high and low acceptability raters in
Controls and Attriters for each of the time-windows of interest. High rater controls elicited a robust N400 compared to low rater Controls. Neither of the
subgroups of Attriters elicited an N400 response.
condition (NP-V-s) in Attriters is the condition that
stands out when all four ERP waves are plotted together
(Figure 9).
N400 (300–400 ms)
The midline ANOVA revealed a significant main effect of C
[F(1,51) = 6.12, p < 0.05] and a marginal C × AP interaction
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FIGURE 7 | Event-related-potentials elicited by the verb of the relative clause in NP-V-subject sentences (red) compared to NP-V-object sentences
(blue). Controls only elicited a small posterior P600 effect in response to NP-V-subject sentences.
[F(3,153) = 2.87, p = 0.06]. The lateral ANOVA additionally
showed a marginal C × G interaction [F(1,51) = 3.13, p = 0.08],
which when followed-up demonstrated a negativity in Attriters
[F(1,22)= 4.31, p< 0.05] but not Controls (p> 0.1).
Frontal Positivity (550–650 ms)
On the midline, a significant main effect of C [F(1,51) = 13.30,
p < 0.001] was qualified by significant C × AP [F(3,153) = 5.86,
p < 0.01] and C × G interactions [F(1,51) = 4.11, p < 0.05].
Follow-ups confirmed that the positivity in Attriters was frontal
in distribution [C × AP: F(3,66)= 4.69, p< 0.05; Fz > Cz > Pz]
and robust [C: F(1,22)= 11.51, p< 0.005] compared to Controls
(ps > 0.1). Rater-type (low vs. high) did not modulate the frontal
positivity, and the most relevant factor was Group.
P600 (650–900 ms)
The midline ANOVA yielded significant C[F(1,51) = 6.13,
p < 0.05] and C × AP effects [F(3,153) = 4.26, p < 0.01],
reflecting the prominence of the positivity at Pz. The interaction
between C × G was also significant [F(1,51) = 4.56, p < 0.05],
which when followed up revealed a C main effect in Attriters
[F(1,22) = 7.95, p < 0.01] but not Controls (p > 0.1). The
interaction between C × AP × G did not reach significance
(p > 0.1). Note that Controls showed no indication of a parietal
P60010.
Late P600 (900–1050 ms)
Unlike for V-NP conditions, the late P600 effect elicited in
the NP-V subject condition was statistically shared by Controls
and Attriters, as interactions with G did not reach significance
(ps > 0.1). A significant C × AP interaction [F(3,153) = 3.79,
p < 0.05] pointed to the posterior distribution of the positivity
(Fz: p= 0.9; Cz: p= 0.3; Pz: p< 0.05; Oz: p< 0.05).
10The C × AP interaction in the global ANOVA (in absence of a significant
C×AP×G interaction) may be interpreted as an indication that even the Controls
may also have some kind of a significant P600, which, however, was restricted to
PZ. Alternatively, the presence of a C × AP interaction in the Controls can also be
due to a relative frontal negativity, i.e., what’s shared across groups is simply the
gradient of ‘more positive’ potentials at more posterior electrodes (but in absence
of a true P600). The latter pattern was what we found in a follow-up analysis at Pz.
A marginal C × G interaction was found at Pz [F(1,51) = 3.15, p = 0.08], further
supporting a more robust P600 effect and a more laborious revision in Attriters
[F(1,22)= 11.75, p< 0.005] than Controls (p> 0.1).
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FIGURE 8 | Event-related-potentials elicited by the verb of the relative clause in NP-V-subject sentences (red) compared to NP-V-object sentences
(blue). Attriters elicited an N400-like negativity, followed by an early fronto-central positivity and a large P600 effect for NP-V-subject sentences.
DISCUSSION
The present study examined the real-time L1 processing in
adult Italian-migrants who had been predominantly exposed
to English since immigration to Canada and who unanimously
reported experiencing attrition in Italian, compared to
non-attriting native-speakers still living in Italy. Our aim
was to determine whether qualitative and/or quantitative
differences would be found in the processing of complex relative
clause constructions, due to cross-linguistic influence from
the L2.
We expected Attriters to process Italian relative clause
sentences whose structure would be ungrammatical in
English (V-NP-object and NP-V-subject) as morphosyntactic
violations, despite the presence of semantic cues to aid in
the disambiguation of thematic roles. We were interested
in whether such effects would also be present in Attriters’
behavioral performance, and whether ERP responses would
be modulated by factors such as proficiency, exposure and
LoR.
Acceptability Ratings
Our main finding was that the critical conditions (V-NP-o and
NP-V-s) were rated as outright morphosyntactic violations by
Attriters but not by Controls. First, in native-monolinguals, the
order of acceptability of the four word-order conditions [(i.e.,
1, 4, 2, 3) in order of decreasing acceptability] was the same
as in a previous study by Di Domenico and Di Matteo (2009),
although the results of the two studies cannot be compared
directly due to a difference in judgment scale and given that
the stimuli in Di Domenico and Di Matteo were reversible
sentences with two animate nouns, where verb number was the
only disambiguating cue (e.g., The director that criticized−sing the
workers anticipated the holidays). Given that we introduced a
semantic bias in our sentences to disambiguate the agent of the
verb (e.g., policeman/arrest/thief), it may be that our sentences
were more readily acceptable by native-Controls.
Attriters, contrary to Controls, provided significantly lower
acceptability ratings for V-NP-o and NP-V-s sentences. Crucially,
the groups did not differ in their acceptability judgments of
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FIGURE 9 | Event-related-potentials elicited by the verb of the relative clause in each of NP-V conditions (subject and object) in Controls and
Attriters. The NP-V-subject condition in Attriters (red) is the condition that differs most from other conditions.
V-NP-s and NP-V-o sentences which are syntactically acceptable
in both Italian and English. Further evidence that Attriters treated
V-NP-o and NP-V-s sentences as morphosyntactic violations
comes from the finding that their ratings for these sentences
did not differ statistically from ratings the same participants
gave in response to Italian number agreement violations during
the same experimental session. In contrast, Controls rated
V-NP-o and NP-V-s sentences higher than the number agreement
violations (see Kasparian et al., 2016). These results suggest cross-
linguistic influence from English (L2) word-order during Italian
(L1) sentence-reading. Given that acceptability judgments were
provided at the end of each sentence and may not reflect online
differences occurring at the critical sentence positions, it was of
interest to determine whether and how these group differences
would be reflected in real-time ERP responses.
Processing of V-NP Sentences
Our ERP findings were in line with the acceptability judgment
results and demonstrate that the rating differences between
groups resulted from online processing differences at
disambiguating target words. In response to V-NP-object
Italian sentences which are unpreferred compared to subject
relative clauses but still syntactically acceptable, Controls showed
an N400 effect between 300 and 400 ms at the disambiguating
verb, indicating that they were sensitive to the semantic cues
that served as extra disambiguating information to identify the
subject of the sentence (Penolazzi et al., 2005; Di Domenico and
Di Matteo, 2009). This pattern is reminiscent of the findings
of a German ERP study by Mecklinger et al. (1995), who
also observed an enhanced N400 for non-preferred object
relative structures, but only when semantic cues conflicted
with initial parsing preferences, and only in their group of
‘fast comprehenders.’ German, like Italian (but unlike English),
also has a free word-order, and disambiguation of relative
clauses depends on verb inflection and semantic cues (see
Bornkessel-Schlesewsky and Schlesewsky, 2013, for a discussion
of cross-linguistic differences).
Our finding of a larger N400 with higher acceptability
judgment ratings (numerically even within Controls) further
supported the view that the elicitation of the N400 was associated
with more favorable responses and therefore did not index a
violation effect. The N400 is reduced in subject relative-clauses
where the verb (e.g., arrests) is both semantically primed by
its preceding noun (e.g., policeman) and represents an action
compatible with this preceding noun’s assumed theta role as an
actor/agent. Conversely, in sentences that begin with the object
(e.g., thieves), the enhanced N400 reflects that – despite a likely
semantic priming effect – the verb may still be less expected (Van
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Petten and Kutas, 1991; Federmeier and Kutas, 1999; Kuperberg,
2007), as the verb violates the thematic role that had been
computed online based on the first noun.11 In line with this, the
ERP study on Italian subject/object constructions by Penolazzi
et al. (2005) did not find an N400 effect preceding the reported
positivities (P300 and P600), possibly due to the reversibility of
their thematic roles (e.g., grandfather/kiss/child). This absence of
an N400 is entirely in line with Mecklinger et al.’s (1995) findings
for their ‘neutral’ (i.e., reversible) condition that lacked semantic
biases.
Following the N400 effect, Controls also showed a late,
posterior P600 response to V-NP-o relative to V-NP-s sentences.
The relatively long latency of the P600 (compared to Attriters,
see below) may partly be due to an ongoing N400 (i.e., the two
components may have canceled each other out; cf. Steinhauer
and Drury, 2012). It may also be linked to the specific type of
garden-path effect involved to repair the input. As described
in Penolazzi et al. (2005), even when the reader detects an
unpreferred construction at the verb in the V-NP-o condition
and attempts to revise it, the last constituent (subject) is not yet
available; the expectation for the incoming NP to be assigned the
subject role and the maintenance of an only partially constructed
sentence representation in WM could incur a cognitive load and
incur in a delay of syntactic integration processes, resulting in a
late P600.
Attriters qualitatively and quantitative differed from Controls
in their ERP responses. First, V-NP-o sentences did not elicit
an N400 effect, contrary to Controls. In this respect, Attriters
differed from Controls as a group overall, as even high rater
Attriters did not show an N400 effect. In addition, correlations
revealed less negative amplitudes in Attriters with higher L2-
English proficiency scores and a longer LoR. This finding is
in line with the argument that the N400 in Controls did not
reflect a violation effect, as Attriters with more L2-English
immersion were significantly less likely to show a negativity in
the N400 time-window. These results suggest that Attriters were
not sensitive to semantic cues (i.e., non-reversible agent-patient
roles) to guide thematic role assignment during online sentence
processing. Instead they seemed influenced by their L2-English
grammar in which word-order is the most salient cue for sentence
interpretation (Bates et al., 1982; McDonald, 1987; MacWhinney
and Bates, 1989; Bornkessel-Schlesewsky and Schlesewsky, 2013).
A similar shift in processing preferences has been shown in
L2-dominant speakers in previous work by Dussias and Sagarra
(2007) for relative clause attachment. We argue that L2-English
immersion (with infrequent exposure to the Attriter’s L1-Italian)
leads to changes in expectations pursued during online language
processing. That is, due to the influence of strict English word-
order, Attriters likely have a stronger expectation for the first
11Readers familiar with the recent debate on ‘semantic P600s’ and ‘semantic
illusions’ may notice that our N400 findings (as well as those in Mecklinger et al.,
1995) are problematic for most accounts proposed to explain the processing of role
reversals (e.g., Brouwer et al., 2012, and other models discussed in their paper). We
mention this debate only briefly, as a broader discussion is beyond the scope of our
paper. See Bourguignon et al. (2012) and Bornkessel-Schlesewsky and Schlesewsky
(2013) for more N400 findings in role reversals that are difficult to explain by
semantic priming alone.
noun of the sentence to be the subject NP (possibly to be assigned
the role of Agent) such that they rely more heavily on word-
order than on semantic information, compared to native-Italian
monolingual speakers (Molinaro et al., 2011). As a consequence,
the violation on the verb would be processed primarily as a
morpho-syntactic agreement violation, whereas the semantic-
thematic mismatch may be less salient than in the Control
group12.
In line with this interpretation, the second ERP difference
between Attriters and Controls was that Attriters showed an
earlier, stronger and more broadly distributed P600 effect for
V-NP-object sentences, which we interpreted as a reflection
of a stronger anomaly (and possibly higher processing costs)
compared to Controls. The finding of larger P600 amplitudes
in participants who gave lower acceptability ratings to V-NP-o
sentences supported our interpretation of a stronger violation
effect in Attriters overall.
The P600 has been interpreted in various ways, perhaps most
prominently as an index of morpho-syntactic error diagnosis
and structural sentence re-analysis/repair (e.g., Fodor and Inoue,
1998, discussed in Friederici et al., 2001), with larger amplitudes
reflecting a larger syntactic processing difficulty (Hagoort and
Brown, 2000; Carreiras et al., 2004; Silva-Pereyra and Carreiras,
2007; Molinaro et al., 2008). Since so-called ‘semantic P600s’
(rather than N400s) have been observed for sentences containing
thematic role reversals, it has also been suggested that P600s may
reflect the resolution of mismatches between two or more distinct
(e.g., semantic and syntactic) processing streams (Kuperberg
et al., 2003; see also Hoeks et al., 2004; Kim and Osterhout, 2005).
When semantic expectations are contradicted by the syntactic
structure of the sentence, a processing cost is incurred (Kolk et al.,
2003; van Herten et al., 2005). Yet others have suggested that
processes underlying the P600 may comprise the ‘construction,
revision, or updating of a mental representation of what is being
communicated’ at multiple levels (Brouwer et al., 2012).
The finding of group differences both in latency and scalp
topography of the P600 suggests the involvement of different
processing routines for V-NP-object sentences in Attriters
compared to native-controls. In Controls, this mild late effect
reflects re-analysis and repair processes. When semantic cues that
reliably support the respective theta roles are accessed early on
(N400) and revision toward an object-relative interpretation is
not costly, Controls elicited a smaller late P600 and arrived at
higher acceptability ratings. Conversely, a stronger processing
cost in Attriters seems to be related to their reduced use
of semantic information and stronger expectations of number
agreement between the sentence-initial noun and the subsequent
verb. Relying on a ‘subject-first’ processing strategy typical
for English, Attriters encountered a morphosyntactic number
12To better assess the reliance on semantic cues for sentence interpretation, it
would have been informative to test a fully balanced set of stimuli using both
reversible (i.e., semantically neutral) and non-reversible (i.e., semantically biasing)
sentences (see Mecklinger et al., 1995). However, given that the present study
was one out of four experiments embedded into the same Italian testing session,
it was not possible to present a full set of 16 conditions (8 main conditions
counterbalanced in singular/plural number). For a fully balanced design including
reversible sentences we hypothesize that a semantic facilitation effect would be
found in Controls but not Attriters.
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agreement violation on the verb, triggering the typical profile
of a substantial P600 violation effect and leading to a low
acceptability rating at the end of the sentence (suggesting they
did not successfully reanalyze the structure). Consistent with this
view, larger P600 amplitudes were associated with a higher degree
of L2-English proficiency and a longer LoR. That increased
L2 immersion and proficiency was associated with stronger
morphosyntactic violation effects in response to V-NP-object
sentences strongly suggests L2 influence on L1 morphosyntax
and a shift in Attriters’ expectations during online sentence
processing.
In fact, the latency and topographical differences in the P600
between Attriters and Controls are somewhat reminiscent of the
patterns observed in the same exact participants while processing
subject-verb number agreement violations during the same
Italian experimental session (Kasparian et al., 2016). In response
to number violations, Attriters elicited a large P600 effect
beginning around 650 ms that was less posterior and shorter
than in Controls. Their acceptability ratings for this outright
agreement violation and the ‘apparent’ agreement violation in
our present V-NP-object condition were also comparable. This
similarity further supports our view that Attriters have a stronger
subject-first preference than Controls, based on the influence
of English word-order. This strong preference leads Attriters
to diagnose a number mismatch between the verb and its
preceding noun, even if the sentence is grammatically acceptable
in Italian. Importantly, outright agreement violations in the
Control group did not result in the P600 pattern we observe
for our present V-NP-object condition. Their P600 for outright
agreement violations was not delayed but started at the same time
as the P600 in Attriters (i.e., around 650 ms). Correspondingly,
outright violations were rated as less acceptable than the V-NP-
object garden-path sentences.
A final point to discuss is whether the smaller and later P600
in Controls might be directly linked to the presence of an N400
due to component overlap (see Osterhout and Mobley, 1995;
Osterhout, 1997; Steinhauer and Drury, 2012; Tanner et al., 2013,
2014; Tanner and Van Hell, 2014; Tanner, 2015). This possibility
is compatible with our finding that the early portion of the N400
has a typical broad distribution with a centro-parietal maximum,
whereas the later negativity (after 500 ms) is more frontal (see
Figure 4). This is exactly the pattern one would expect if the
late portion of the N400 and the early portion of a clearly
more posterior P600 (significant after 850 ms) superimposed one
another and canceled each other out. If component overlap is
indeed the main reason for the absence of an earlier P600 (present
only in Attriters), this would imply that both the P600 and the
N400 observed in the Control group were underestimated, i.e.,
the actual N400 must have been even larger and must have lasted
longer. If so, and given that the Attriters did not show any
evidence of an N400 at all, this would illustrate just how different
the processing strategies between the groups were. On the other
hand, if the observed pattern was not influenced by component
overlap, the finding of a substantially delayed P600 (starting
around 850 ms) in the monolingual native speakers of the Control
group is difficult to reconcile with the expected ERP profile for
a number violation in this group (see previous paragraph) and
would, again, point to distinct processing strategies compared to
the Attriters.
Processing of NP-V Sentences
The first contrast we discussed above compared the processing
of the generally highly preferred V-NP-subject relative clause
to a relatively difficult V-NP-object garden-path sentence. We
saw that the monolingual Control group processed the latter
like a garden-path and used semantic cues, whereas Attriters
with strong exposure to English processed it like an outright
morphosyntactic violation, as would be expected for English
speakers. The second comparison of NP-V structures differs
from this first comparison in various respects. First, when the
disambiguating element is reached (verb), both noun phrases
have already been encountered. Thus, the Control group that was
shown above to use semantic cues can be expected to compute
even stronger expectations based on the preliminary assignment
of Actor and Undergoer to the available NPs (Bornkessel-
Schlesewsky and Schlesewsky, 2013).
Second, whereas for Attriters (who employ a parsing strategy
influenced by English), the present contrast is somewhat similar
to the previous V-NP contrast, this may not be the case for
the Controls. From the Attriters’ perspective, we again compare
one sentence structure that is grammatical in English (V-NP-
object) to a second structure that is ungrammatical in English
(V-NP-subject). If Attriters are indeed generally influenced by
English parsing preferences, we would expect another instance
of morphosyntactic violation effects. By contrast, from the
Controls’ perspective, we compare two structures that can both
be described as garden path sentences. Whereas NP-V-object
sentences are the preferred structure to express object relative
clauses in Italian, they nevertheless constitute a non-preferred
structure compared to the V-NP subject relative clauses discussed
in the previous section, and should encourage Italian Controls to
use semantic cues to disambiguate the structure.
The NP-V-object structure requires an Object-Subject-Verb
analysis (e.g., The thieves that the policeman arrests . . .) and is
(similar to English) a quite frequent construction in Italian. The
NP-V-subject structure requires a Subject-Object-Verb analysis
(e.g., The policeman that the thieves arrests . . .), which is not
very frequent in Italian but has the potential advantage that
the first NP (i.e., the referent of the relative pronoun) still
serves as the subject of the relative clause (similar to the most
preferred V-NP-subject structure). Nevertheless, in line with
Di Domenico and Di Matteo’s (2009) behavioral study, these
sentences received the lowest acceptability ratings in both groups
(but were comparable to those for outright violations only in the
Attriters).
In response to NP-V-subject garden path sentences in Italian,
Controls elicited a small, late, posterior P600 starting around
900 ms. In Attriters, however, NP-V-s sentences elicited a
strong, widespread N400-like negativity, followed by a larger
frontal positivity and a more robust early P600 starting around
650 ms. As a whole, this pattern is (again) compatible with
the assumption that the Control group processed the difference
between conditions as a garden path, whereas the Attriters
processed it like an outright violation. Given that Controls’
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acceptability ratings displayed substantial differences between
the two conditions, the rather weak ERP differences may be
somewhat surprising. However, the notion that both sentences
should be viewed as garden path structures may provide
some explanation. As mentioned above, in both NP-[NP-V]
constructions, both subject and object NPs had already been
encountered before the disambiguating verb was presented, and
our materials always provided reliable semantic cues as to which
NP was a plausible Actor/Agent or a plausible Undergoer/Patient.
According to both the Competition Model (MacWhinney and
Bates, 1989) and the eADM model (Bornkessel-Schlesewsky and
Schlesewsky, 2006/2008), Italian Control subjects were expected
to use these semantic cues, either to predict the theta role
assignment or to support the final analysis once the verb
information became available. We assume that these processes
were largely the same in both conditions, even though the less
frequent NP-V-subject condition was identified as somewhat
more difficult (eliciting a small P600) and resulted in a lower
rating.
In Attriters, we find substantial ERP differences between
the two conditions, consisting of a negativity followed by
positivities. Interestingly, while the NP-V-object condition
(which is grammatical in English) did not differ from the
corresponding ERPs in the Control group, the NP-V-subject
condition (which is ungrammatical in English) did (Figure 9).
The timing and distribution of the negativity suggest a mix
between a LAN and an N400, with no hemispheric differences
reaching statistical significance. In the literature, both LANs and
N400s have been reported for number agreement violations,
and both have been linked to lexical mismatch effects based on
context-based morphological predictions (Molinaro et al., 2011;
Tanner and Van Hell, 2014), or to lexical retrieval problems
(Brouwer et al., 2012). An N400 would also be consistent with
the view that computing the thematic roles requires access to
lexical-semantic information (Deutsch and Bentin, 2001; Barber
et al., 2004; Molinaro et al., 2008, 2011), if we assume that, at this
point in the sentence, readers must determine which of the two
presented nouns is the subject of the relative clause verb. In other
words, even though Attriters do not seem to have used semantic
cues as soon as they were provided by the NPs, once all NPs and
the verb were available, they had to assign theta roles.
The presence/absence of the negativity cannot be reduced to
component overlap (Osterhout and Mobley, 1995; Osterhout,
1997; Tanner et al., 2013, 2014; Tanner and Van Hell, 2014;
Tanner, 2015), as the first (frontal) positivity was larger in
the Attriters, i.e., in the group that also elicited the preceding
negativity. Rather, Attriters and Controls seem to be engaging
in different processing routines. We interpret the larger frontal
positivity in Attriters as a P3a component that has been associated
with a surprise effect and shift in attention (Squires et al.,
1975; Polich, 2007). Similar frontal positivities were previously
observed in temporary subject/object ambiguities in Italian wh
constructions for target words disambiguating the more difficult
object reading (Penolazzi et al., 2005). In our study, this frontal
P3a was immediately followed by a large and early P600 that
is indicative of a violation effect and corresponding processing
costs, similar to the V-NP contrasts discussed above.
To summarize, Attriters who, due to English influence, were
hypothesized to be less sensitive to semantic/thematic cues than
to word-order preferences, elicited strong ERP violation effects
on the verb in both V-NP-object and NP-V-subject constructions.
For the same sentences, matched monolingual Italian control
subjects demonstrated weaker ERP effects that are expected for
native speakers processing these types of garden-path sentences.
Since the two sentence conditions are ungrammatical in English,
but grammatical in Italian, the group differences strongly point
to distinct processing strategies. As predicted, Attriters seemed to
have adopted parsing strategies from their predominantly used
English L2.
Implications for First Language Attrition
The present study investigated L1 attriters’ processing of
a complex aspect of morphosyntax where the L1 and L2
either converge or diverge. Interestingly, our experimental
design allowed us to examine neuroplasticity in Attriters’
processing routines for grammatical sentences in their L1,
which happened to be ungrammatical in their L2. Similar
to a few previous ERP studies (e.g., Thierry and Wu, 2007;
Kasparian et al., 2010), this approach focuses on the influence
of a seemingly ‘irrelevant’ language (English) on the presented
language under investigation (Italian) and thus differs from
testing morphosyntactic violations in the language presented,
as is traditionally done in ERP language research. Moreover,
in contrast to the few other studies using this approach to
test the impact of L1 on L2, here we investigated the impact
of L2 on L1. Our findings provide evidence of cross-linguistic
influence from the L2 due to immersion and reduced L1
use, resulting not just in quantitative but also in qualitative
changes in adult Attriters’ processing patterns, contrary to the
findings reported in the only other published ERP research
of L1 attrition investigating a different population of attriters
(Bergmann et al., 2015). The present results further support
and extend those reported in our Italian number agreement
study (Kasparian et al., 2016), suggesting that more complex
morphosyntactic manipulations result in greater processing
differences between attriters and non-attriting native-speakers.
In contrast to our other study, the present sentence structures
were specifically selected to maximize differences in the cues
that readers could rely on in Italian vs. English (i.e., semantic
cues and word-order, respectively). Although behavioral studies
have shown L2 to L1 transfer to occur in instances where
a grammatical L2 feature is transferred to the L1 despite its
ungrammaticality in L1 (e.g., Rippert and Kuiken, 2009), to our
knowledge, this is the first demonstration where the opposite
is true; namely, that high proficiency in a second language
acquired in adulthood may render a grammatical sentence
in one’s native language ungrammatical when processed in
real-time.
Our ERP findings are in line with reports from eye-tracking
studies of immersed L2-English speakers’ processing of L1
Spanish relative clauses (Dussias and Sagarra, 2007) where
differences were found in relative clause attachment preferences
in bilinguals with extensive L2-immersion, compared to native-
Spanish monolingual speakers and bilinguals with limited L2
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exposure. Although the bilinguals in Dussias and Sagarra’s study
were not attriters (with limited/no exposure to the L1 in the L2
environment), their eye-tracking results parallel our ERP findings
of changes in L1 processing as a result of extensive L2 exposure.
Although we are only at the very beginning of a long way
to better understand the neurocognitive changes involved in
first language attrition, the present results are very promising.
In our opinion, they cannot be explained in terms of a mere
“bilingualism effect” (i.e., a by-product of having compared
monolingual Controls to bilingual Attriters), as even within
Attriters, ERP responses are modulated by factors such as
exposure, proficiency and LoR. These factors have been shown
to modulate ERP response patterns in these same Attriters
on other lexical-semantic and morphosyntactic properties, both
in their L1 (Kasparian and Steinhauer, 2016; Kasparian et al.,
2016) as well as in their L2 (Kasparian et al., unpublished).
Interestingly, in the latter study, we showed reduced L1 activation
(increased inhibition) during L2 processing in Attriters with
less frequent L1 exposure/use and a longer LoR. These findings
fit with frameworks of relative frequency of use and activation
thresholds, where the more dominant language is associated
with a higher baseline activation level and a better efficiency
in inhibiting cross-linguistic competition (e.g., McDonald, 1987;
MacWhinney, 1992; Kroll and Stewart, 1994; Jared and Kroll,
2001; Dijkstra and Van Heuven, 2002; Gollan et al., 2008).
In attrition research, the relationship between attrition effects
observed in behavior and at the brain level is still largely
unexplored. On the behavioral proficiency tasks we administered,
Attriters scored numerically lower than Controls but did not
differ significantly on any of the measures. However, their end-of-
sentence acceptability judgments largely reflected the preferences
observed during real-time sentence processing, namely that
the two word-orders that are ungrammatical in English were
judged as unacceptable. This fits with the argument made by
Steinhauer et al. (2009) that structure-specific proficiency (rather
than overall proficiency) best predicts ERP response patterns.
However, this was also an interesting finding, given that in our
number agreement study (Kasparian et al., 2016), we found
group differences in ERP responses but not in acceptability
ratings (see McLaughlin et al., 2004 for a similar finding in L2
vocabulary acquisition). The nature of the sentences may explain
this discrepancy; in our number agreement experiment, we
manipulated the agreement between three sentence constituents
(subject, verb, and modifier), giving rise to different combinations
of (dis)agreement that may have resulted in a less straightforward
acceptability judgment task than in our present study. In
addition, our current design directly tested a morphosyntactic
area where the two languages either converge or clash. It is likely
that the language areas and tasks on which Attriters differ most
from native-Controls are those which tap directly into the effects
of L2 influence on L1.
In sum, the present study provides evidence of neurocognitive
change due to language learning in adulthood. Our results
revealed both quantitative and qualitative changes in L1
morphosyntactic processing patterns of Italian native-speakers
who had lived in an exclusively monolingual L1 context until
adulthood. Thus, even an “entrenched” L1 grammar is subject to
change after a prolonged period of L2 immersion and reduced
L1 exposure/use. As the L2 takes the lead, its acquisition and
use induces changes to attriters’ L1 neurocognitive processes and
results in differences from non-attriting native-speakers. In the
present study, we have shown that a key factor in promoting
these changes in attriters is the influence of the L2 on the L1,
both in terms of the language pairing and related cross-linguistic
differences, as well as in terms of increasing amount of L2
exposure/use and proficiency relative to the L1.
ETHICS STATEMENT
This study was carried out in accordance with the
recommendations of the McGill University Faculty of
Medicine Institutional Review Board and the Ethical Committee
for Human Research, University of Trento. All subjects
gave written informed consent in accordance with the
Declaration of Helsinki. The protocol was approved by the
Institutional Review Board (#A06-B30-11A) and the Ethical
Committee for Human Research (#2013-003) of the respective
institutions.
AUTHOR CONTRIBUTIONS
KK and KS contributed equally to the experimental
design of the study. KK created the experimental stimuli,
programmed most parts of the experiment, recruited and
tested participants in Italy and in Canada (with the help of
research assistants) and conducted a large part of the data
analyses. KS contributed to programming and data analyses
and oversaw the project. KS and KK contributed equally to data
interpretation. The manuscript was written by KK with input
from KS.
FUNDING
KK was supported by a Vanier Canada Graduate Scholarship
from the Canadian Institutes of Health Research, a Richard
Tomlinson Doctoral Fellowship awarded by the Faculty of
Medicine of McGill University and a Michael Smith Foreign
Study Supplement (MSFSS-CGS). This research was supported
by grants awarded to KS. by the Canada Research Chair program
and the Canada Foundation for Innovation (CRC/CFI; project
# 201876), the Natural Sciences and Engineering Research
Council of Canada (NSERC; RGPGP 312835-05 and RGPIN
402678-11), the Social Sciences and Humanities Research
Council of Canada (SSHRC; # 435-2013-2052), and the Fonds
de Recherche Société et Culture, Québec (FQRSC; # 2010-SE-
103727).
ACKNOWLEDGMENTS
We thank Francesco Vespignani for his contributions in data
analyses and for the use of his EEG lab at the Department
Frontiers in Psychology | www.frontiersin.org 18 March 2017 | Volume 8 | Article 389
fpsyg-08-00389 March 28, 2017 Time: 16:38 # 19
Kasparian and Steinhauer Processing Changes in L1 Attrition
of Psychology and Cognitive Sciences, Università degli
studi di Trento, Italy. We also thank research assistants
Linna Jin, Kristina Maiorino, Filippo Vicari, and Paolo
Zandomeneghi for their invaluable help with data
collection.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found
online at: http://journal.frontiersin.org/article/10.3389/fpsyg.
2017.00389/full#supplementary-material
REFERENCES
Ammerlaan, T. (1996). You Get a Bit Wobbly Exploring Bilingual Lexical Retrieval
Processes in the Context of First Language Attrition. Ph.D. dissertation, Nijmegen
University, Nijmegen.
Bader, M., and Meng, M. (1999). Subject-object ambiguities in German embedded
clauses: an across-the-board comparison. J. Psycholinguist. Res. 28, 121–143.
doi: 10.1023/A:1023206208142
Barber, H., Salillas, E., and Carreiras, M. (2004). “Gender or genders agreement?,” in
On-Line Study of Sentence Comprehension; Eye-Tracking, ERP and Beyond, eds
M. Carreiras and C. Clifton (Brighton: Psychology Press), doi: 10.1016/S0010-
9452(08)70259-4
Bates, E., McNew, S., MacWhinney, B., Devescovi, A., and Smith, S. (1982).
Functional constraints on sentence processing: a crosslinguistic study.
Cognition 11, 245–299. doi: 10.1016/0010-0277(82)90017-8
Bergmann, C., Meulman, N., Stowe, L. A., Sprenger, S. A., and Schmid, M. S.
(2015). Prolonged L2 immersion engenders little change in morphosyntactic
processing of bilingual natives. Neuroreport 26, 1065–1070. doi: 10.1097/WNR.
0000000000000469
Bertinetto, P. M., Burani, C., Laudanna, A., Marconi, L., Ratti, D., Rolando, C., et al.
(2005). Corpus e Lessico di Frequenza Dell’italiano Scritto (CoLFIS). Pisa: Scuola
Normale Superiore di Pisa.
Bornkessel, I., and Schlesewsky, M. (2006). The extended argument dependency
model: a neurocognitive approach to sentence comprehension across languages.
Psychol. Rev. 113:787. doi: 10.1037/0033-295X.113.4.787
Bornkessel-Schlesewsky, I., Kretschmar, F., Tune, S., Wang, L., Genç, S.,
Philipp, M., et al. (2011). Think globally: cross-linguistic variation in
electrophysiological activity during sentence comprehension. Brain Lang. 117,
133–152. doi: 10.1016/j.bandl.2010.09.010
Bornkessel-Schlesewsky, I., and Schlesewsky, M. (2006/2008). An alternative
perspective on “semantic P600” effects in language comprehension. Brain Res.
Rev. 59, 55–73. doi: 10.1016/j.brainresrev.2008.05.003
Bornkessel-Schlesewsky, I., and Schlesewsky, M. (2009). The role of prominence
information in the real-time comprehension of transitive constructions: a cross-
linguistic approach. Lang. Linguist. Compass 3, 19–58. doi: 10.1111/j.1749-
818X.2008.00099.x
Bornkessel-Schlesewsky, I., and Schlesewsky, M. (2013). Reconciling time,
space and function: a new dorsal–ventral stream model of sentence
comprehension. Brain Lang. 125, 60–76. doi: 10.1016/j.bandl.2013.
01.010
Bourguignon, N., Drury, J. E., Valois, D., and Steinhauer, K. (2012). Decomposing
animacy reversals between agents and experiencers: an ERP study. Brain Lang.
122, 179–189. doi: 10.1016/j.bandl.2012.05.001
Bowden, H. W., Steinhauer, K., Sanz, C., and Ullman, M. T. (2013). Native-
like brain processing of syntax can be attained by university foreign language
learners. Neuropsychologia 51, 2492–2511. doi: 10.1016/j.neuropsychologia.
2013.09.004
Brouwer, H., Fitz, H., and Hoeks, J. (2012). Getting real about semantic illusions:
rethinking the functional role of the P600 in language comprehension. Brain
Res. 1446, 127–143. doi: 10.1016/j.brainres.2012.01.055
Bylund, E. (2009). Maturational constraints and first language attrition. Lang.
Learn. 59, 687–715. doi: 10.1111/j.1467-9922.2009.00521.x
Caffarra, S., Molinaro, N., Davidson, D., and Carreiras, M. (2015). Second language
syntactic processing revealed through event-related potentials: an empirical
review. Neurosci. Biobehav. Rev. 51, 31–47. doi: 10.1016/j.neubiorev.2015.
01.010
Carreiras, M., and Clifton, C. (1993). Relative clause interpretation
preferences in Spanish and English. Lang. Speech 36, 353–372.
doi: 10.1177/002383099303600401
Carreiras, M., and Clifton, C. (1999). Another word on parsing relative clauses:
eyetracking evidence from Spanish and English. Mem. Cogn. 27, 826–833.
doi: 10.3758/BF03198535
Carreiras, M., Duñabeitia, J. A., Vergara, M., De La Cruz-Pavía, I., and
Laka, I. (2010). Subject relative clauses are not universally easier to process:
evidence from Basque. Cognition 115, 79–92. doi: 10.1016/j.cognition.2009.
11.012
Carreiras, M., Salillas, E., and Barber, H. (2004). Event-related potentials elicited
during parsing of ambiguous relative clauses in Spanish. Cogn. Brain Res. 20,
98–105. doi: 10.1016/j.cogbrainres.2004.01.009
Clifton, C. Jr., and Frazier, L. (1989). “Comprehending sentences with long-
distance dependencies,” in Linguistic Structure in Language Processing, eds G.
Carlson and M. Tanenhaus (Dordrecht: Springer), 273–317. doi: 10.1007/978-
94-009-2729-2_8
Cuetos, F., and Mitchell, D. C. (1988). Cross-linguistic differences in parsing:
restrictions on the use of the Late Closure strategy in Spanish. Cognition 30,
73–105. doi: 10.1016/0010-0277(88)90004-2
Datta, H. (2010). Brain Bases for First Language Lexical Attrition in Bengali-
English Speakers. Doctoral dissertation, The City University of New York,
New York, NY.
de Bot, K. (1996). “Language loss,” in Contact Linguistics: An International
Handbook of Contemporary Research, Vol. 1, eds H. Goebl, P. Nelde, Z. Stary,
and W. Wölk (Berlin: Walter de Gruyter), 579–585.
De Vincenzi, M. (1991). Syntactic Parsing Strategies in Italian: The Minimal Chain
Principle, Vol. 12. Berlin: Springer Science & Business Media. doi: 10.1007/978-
94-011-3184-1
De Vincenzi, M. (1996). Syntactic analysis in sentence comprehension: effects
of dependency types and grammatical constraints. J. Psycholinguist. Res. 25,
117–133. doi: 10.1007/BF01708422
Deutsch, A., and Bentin, S. (2001). Syntactic and semantic factors in processing
gender agreement in Hebrew: evidence from ERPs and eye movements. J. Mem.
Lang. 45, 200–224. doi: 10.1006/jmla.2000.2768
Di Domenico, A., and Di Matteo, R. (2009). Processing Italian relative clauses:
Working MEMORY span and word order effects on RTs. J. Gen. Psychol. 136,
387–406. doi: 10.1080/00221300903266671
Dijkstra, T., and Van Heuven, W. J. (2002). The architecture of the bilingual word
recognition system: from identification to decision. Bilingualism 5, 175–197.
doi: 10.1016/j.cogbrainres.2005.04.007
Dussias, P. E. (2001). “Bilingual sentence parsing,” in One Mind, Two Languages:
Bilingual Language Processing, ed. J. L. Nicol (Malden, MA: Blackwell), 159–176.
Dussias, P. E. (2003). Syntactic ambiguity resolution in L2 learners: some effects of
bilinguality on L1 and L2 processing strategies. Stud. Second Lang. Acquis. 25,
529–557. doi: 10.1017/S0272263103000238
Dussias, P. E., and Sagarra, N. (2007). The effect of exposure on syntactic
parsing in Spanish–English bilinguals. Bilingualism 10, 101–116. doi: 10.1017/
S1366728906002847
Federmeier, K. D., and Kutas, M. (1999). A rose by any other name: long-
term memory structure and sentence processing. J. Mem. Lang. 41, 469–495.
doi: 10.1006/jmla.1999.2660
Fodor, J. D., and Inoue, A. (1998). “Attach anyway,” in Reanalysis in Sentence
Processing, eds J. D. Fodor and F. Ferreira (Dordrecht: Springer), 101–141.
doi: 10.1007/978-94-015-9070-9_4
Foucart, A., and Frenck-Mestre, C. (2011). Grammatical gender processing in
L2: electrophysiological evidence of the effect of L1–L2 syntactic similarity.
Bilingualism 14, 379–399. doi: 10.1017/S136672891000012X
Foucart, A., and Frenck-Mestre, C. (2012). Can late L2 learners acquire new
grammatical features? Evidence from ERPs and eye-tracking. J. Mem. Lang. 66,
226–248. doi: 10.3758/s13421-015-0583-6
Frazier, L., and Clifton, C. (1996). Construal. Cambridge, MA: MIT Press.
Frontiers in Psychology | www.frontiersin.org 19 March 2017 | Volume 8 | Article 389
fpsyg-08-00389 March 28, 2017 Time: 16:38 # 20
Kasparian and Steinhauer Processing Changes in L1 Attrition
Frazier, L., and Fodor, J. D. (1978). The sausage machine: a new two-stage parsing
model. Cognition 6, 291–325. doi: 10.1016/0010-0277(78)90002-1
Frenck-Mestre, C., and Pynte, J. (1997). Syntactic ambiguity resolution while
reading in second and native languages. Q. J. Exp. Psychol. 50, 119–148.
doi: 10.1080/027249897392251
Frenck-Mestre, C., and Pynte, J. (2000). “Resolving syntactic ambiguities: cross-
linguistic differences?,” in Cross-Linguistic Perspectives on Language Processing,
eds M. De Vincenzi and V. Lombardo (Dordrecht: Springer), 119–148.
doi: 10.1007/978-94-011-3949-6_5
Friederici, A. D. (2002). Towards a neural basis of auditory sentence processing.
Trends Cogn. Sci. 6, 78–84. doi: 10.1016/S1364-6613(00)01839-8
Friederici, A. D., Hahne, A., and Mecklinger, A. (1996). Temporal structure of
syntactic parsing: early and late event-related brain potential effects. J. Exp.
Psychol. 22:1219. doi: 10.1037/0278-7393.22.5.1219
Friederici, A. D., Hahne, A., and Saddy, D. (2002). Distinct neurophysiological
patterns reflecting aspects of syntactic complexity and syntactic repair.
J. Psycholinguist. Res. 31, 45–63. doi: 10.1023/A:1014376204525
Friederici, A. D., and Mecklinger, A. (1996). Syntactic parsing as revealed by brain
responses: first-pass and second-pass parsing processes. J. Psycholinguist. Res.
25, 157–176. doi: 10.1007/BF01708424
Friederici, A. D., Mecklinger, A., Spencer, K. M., Steinhauer, K., and Donchin, E.
(2001). Syntactic parsing preferences and their on-line revisions: a spatio
temporal analysis of event-related brain potentials. Cogn. Brain Res. 11,
305–323. doi: 10.1016/S0926-6410(00)00065-3
Friederici, A. D., Steinhauer, K., and Frisch, S. (1999). Lexical integration:
sequential effects of syntactic and semantic information. Mem. Cogn. 27,
438–453. doi: 10.3758/BF03211539
Gollan, T. H., Montoya, R. I., Cera, C., and Sandoval, T. C. (2008). More use almost
always means a smaller frequency effect: aging, bilingualism, and the weaker
links hypothesis. J. Mem. Lang. 58, 787–814. doi: 10.1016/j.jml.2007.07.001
Gürel, A. (2004). Selectivity in L2-induced L1 attrition: a psycholinguistic account.
J. Neurolinguistics 17, 53–78. doi: 10.1016/S0911-6044(03)00054-X
Hagoort, P., and Brown, C. M. (2000). ERP effects of listening to speech compared
to reading: the P600/SPS to syntactic violations in spoken sentences and rapid
serial visual presentation. Neuropsychologia 38, 1531–1549. doi: 10.1016/S0028-
3932(00)00053-1
Hagoort, P., Brown, C. M., and Groothusen, J. (1993). The syntactic positive shift
(SPS) as an ERP measure of syntactic processing. Lang. Cognit. Process. 8,
439–483. doi: 10.1080/01690969308407585
Hagoort, P., Brown, C. M., and Osterhout, L. (1999). “The neurocognition of
syntactic processing,” in The Neurocognition of Language, eds C. M. Brown and
P. Hagoort (Oxford: Oxford University Press), 273–317. doi: 10.1093/acprof:
oso/9780198507932.001.0001
Hoeks, J. C., Stowe, L. A., and Doedens, G. (2004). Seeing words in context: the
interaction of lexical and sentence level information during reading. Cogn.
Brain Res. 19, 59–73. doi: 10.1016/j.cogbrainres.2003.10.022
Hulsen, M. (2000). Language Loss and Language Processing: Three Generations of
Dutch Migrants in New Zealand. Doctoral dissertation, Katholieke Universiteit
Nijmegen, Nijmegen.
Jared, D., and Kroll, J. F. (2001). Do bilinguals activate phonological
representations in one or both of their languages when naming words? J. Mem.
Lang. 44, 2–31. doi: 10.1006/jmla.2000.2747
Jasper, H. H. (1958). The ten-twenty electrode system of the international
federation. Electroencephalogr. Clin. Neurophysiol. 10, 371–375.
Kaan, E., Harris, A., Gibson, E., and Holcomb, P. (2000). The P600 as an index of
syntactic integration difficulty. Lang. Cogn. Process. 15, 159–201. doi: 10.1016/j.
cogbrainres.2004.09.012
Kaan, E., and Swaab, T. Y. (2003). Repair, revision, and complexity in syntactic
analysis: an electrophysiological differentiation. J. Cogn. Neurosci. 15, 98–110.
doi: 10.1162/089892903321107855
Kasparian, K. (2015). The Case of the Non-Native-Like First Language:
Neurophysiological Evidence of First-Language Attrition. Doctoral dissertation,
McGill University, Montreal, QC.
Kasparian, K., Bourguignon, N., Drury, J. E., and Steinhauer, K. (2010). “On the
influence of proficiency and L1-background in L2 processing: an ERP study of
nominal morphology in French and Mandarin learners of English,” In Poster at
the Presentation at the DonostiaWorkshop on Neurobilingualism, Basque Center
on Cognition, Brain and Language, Donostia-San Sebastián.
Kasparian, K., and Steinhauer, K. (2016). Lexical-semantic processing of confusable
words in first-language attrition and late second-language acquisition: An ERP
study. Neuropsychologia 93, 200–217. doi: 10.1016/j.neuropsychologia.2016.
10.007
Kasparian, K., Vespignani, F., and Steinhauer, K. (2016). First-language attrition
induces changes in online morphosyntactic processing and re-analysis: An
ERP study of number agreement in complex Italian sentences. Cogn. Sci. doi:
10.1111/cogs.12450 [Epub ahead of print].
Keppel, G., and Wickens, T. D. (2004). Design and Analysis: A Researcher’s
Handbook, 4th Edn. Upper Saddle River, NJ: Pearson Prentice Hall.
Kim, A., and Osterhout, L. (2005). The independence of combinatory semantic
processing: evidence from event-related potentials. J. Mem. Lang. 52, 205–225.
doi: 10.1016/j.jml.2004.10.002
Kim, J. H., Montrul, S., and Yoon, J. (2010). Dominant language influence in
acquisition and attrition of binding: interpretation of the Korean reflexive caki.
Bilingualism 13, 73–84. doi: 10.1017/S136672890999037X
Kolk, H. H., Chwilla, D. J., Van Herten, M., and Oor, P. J. (2003). Structure
and limited capacity in verbal working memory: a study with event-related
potentials. Brain Lang. 85, 1–36. doi: 10.1016/S0093-934X(02)00548-5
Köpke, B. (1999). L’attrition de la Première Langue Chez le Bilingue Tardif:
Implications Pour l’étude Psycholinguistique du Bilinguisme. Ph.D. dissertation,
Université de Toulouse-Le Mirail, Toulouse. doi: 10.1515/9783111594149.115
Köpke, B. (2004). Neurolinguistic aspects of attrition. J. Neurolinguistics 17, 3–30.
doi: 10.1016/S0911-6044(03)00051-4
Köpke, B., and Schmid, M. S. (2004). “Language attrition: the next phase,” in
First Language Attrition: Interdisciplinary Perspectives on Methodological Issues,
eds M. S. Schmid, B. Köpke, M. Keijzer, and L. Weilemar (Amsterdam: John
Benjamins), 1–43. doi: 10.1075/sibil.28
Kotz, S. A. (2009). A critical review of ERP and fMRI evidence on L2 syntactic
processing. Brain Lang. 109, 68–74. doi: 10.1016/j.bandl.2008.06.002
Kraš, T. (2008). L2 Acquisition of the Lexicon-Syntax Interface and Narrow Syntax
by Child and Adult Croatian Learners of Italian. Ph.D. dissertation, University
of Cambridge, Cambridge. doi: 10.1075/eurosla.10.12kra
Kroll, J. F., and Stewart, E. (1994). Category interference in translation and picture
naming: evidence for asymmetric connections between bilingual memory
representations. J. Mem. Lang. 33, 149. doi: 10.1016/j.jecp.2008.10.004
Kuperberg, G. R. (2007). Neural mechanisms of language comprehension:
challenges to syntax. Brain Res. 1146, 23–49. doi: 10.1016/j.brainres.2006.12.063
Kuperberg, G. R., Sitnikova, T., Caplan, D., and Holcomb, P. J. (2003).
Electrophysiological distinctions in processing conceptual relationships within
simple sentences. Cogn. Brain Res. 17, 117–129. doi: 10.1016/S0926-6410(03)
00086-7
Kutas, M., and Federmeier, K. D. (2011). Thirty years and counting: finding
meaning in the N400 component of the event related brain potential (ERP).
Annu. Rev. Psychol. 62, 621. doi: 10.1146/annurev.psych.093008.131123
Linck, J. A., Kroll, J. F., and Sunderman, G. (2009). Losing access to the native
language while immersed in a second language: evidence for the role of
inhibition in second-language learning. Psychol. Sci. 20, 1507–1515. doi: 10.
1111/j.1467-9280.2009.02480.x
MacDonald, M. C., Pearlmutter, N. J., and Seidenberg, M. S. (1994). The lexical
nature of syntactic ambiguity resolution. Psychol Rev. 101, 676–703. doi: 10.
1037/0033-295X.101.4.676
MacWhinney, B. (1982). “Basic syntactic processes,” in Syntax and Semantics (1).
Language Acquisition, ed. S. Kuczaj (Hillsdale, NJ: Erlbaum).
MacWhinney, B. (ed.) (1987). “The competition model,” in Mechanisms of
Language Acquisition (Hillsdale, NJ: Lawrence Erlbaum), 249–308.
MacWhinney, B. (1992). Transfer and competition in second language learning.
Adv. Psychol. 83, 371–390. doi: 10.1016/S0166-4115(08)61506-X
MacWhinney, B., and Bates, E. (1989). The Crosslinguistic Study of Sentence
Processing. New York, NY: Cambridge University Press. doi: 10.2307/
1423201
Mak, W. M., Vonk, W., and Schriefers, H. (2002). The influence of animacy on
relative clause processing. J. Mem. Lang. 47, 50–68. doi: 10.1006/jmla.2001.2837
Mak, W. M., Vonk, W., and Schriefers, H. (2006). Animacy in processing relative
clauses: the hikers that rocks crush. J. Mem. Lang. 54, 466–490. doi: 10.1016/j.
jml.2006.01.001
McDonald, J. L. (1987). Sentence interpretation in bilingual speakers of English and
Dutch. Appl. Psycholinguist. 8, 379–413. doi: 10.1017/S0142716400000382
Frontiers in Psychology | www.frontiersin.org 20 March 2017 | Volume 8 | Article 389
fpsyg-08-00389 March 28, 2017 Time: 16:38 # 21
Kasparian and Steinhauer Processing Changes in L1 Attrition
McLaughlin, J., Osterhout, L., and Kim, A. (2004). Neural correlates of second-
language word learning: minimal instruction produces rapid change. Nat.
Neurosci. 7, 703–704. doi: 10.1038/nn1264
McRae, K., Spivey-Knowlton, M. J., and Tanenhaus, M. K. (1998). Modeling
the influence of thematic fit (and other constraints) in on-line sentence
comprehension. J. Mem. Lang. 38, 283–312. doi: 10.1006/jmla.1997.2543
Mecklinger, A., Schriefers, H., Steinhauer, K., and Friederici, A. D. (1995).
Processing relative clauses varying on syntactic and semantic dimensions: an
analysis with event-related potentials. Mem. Cogn. 23, 477–494. doi: 10.3758/
BF03197249
Molinaro, N., Barber, H. A., and Carreiras, M. (2011). Grammatical agreement
processing in reading: ERP findings and future directions. Cortex 47, 908–930.
doi: 10.1016/j.cortex.2011.02.019
Molinaro, N., Kim, A., Vespignani, F., and Job, R. (2008). Anaphoric agreement
violation: an ERP analysis of its interpretation. Cognition 106, 963–974.
doi: 10.1016/j.cognition.2007.03.006
Montrul, S. (2008). Incomplete Acquisition in Bilinguals: Re-Examining the Age
Factor. Amsterdam: John Benjamins, doi: 10.1017/S0272263109990088
Näätänen, R., and Galliard, A. W. K. (1983). “The orienting reflex and the
N2 deflection of the ERP,” in Tutorials in Event Related Potential Research:
Endogenous Components, eds A. W. K. Galliard and W. Ritter (Amsterdam:
Elsevier), 119–141. doi: 10.1016/S0166-4115(08)62036-1
Neville, H. J., Nicol, J., Barss, A., Forster, K., and Garrett, M. (1991). Syntactically
based sentence processing classes: evidence from event-related brain potentials.
J. Cogn. Neurosci. 3, 155–170. doi: 10.1162/jocn.1991.3.2.151
Ojima, S., Nakata, H., and Kakigi, R. (2005). An ERP study of second language
learning after childhood: effects of proficiency. J. Cogn. Neurosci. 17, 1212–1228.
doi: 10.1162/0898929055002436
Opitz, C. (2011). First Language Attrition and Second Language Acquisition in
a Second Language Environment. Ph.D. dissertation, Centre for Language
and Communication Studies, Trinity College Dublin, Dublin. doi: 10.1017/
S0272263100006240
Orsini, A., and Pezzuti, L. (2013). WAIS-IV. Manuale. Firenze: Giunti OS.
Osterhout, L. (1997). On the brain response to syntactic anomalies: manipulations
of word position and word class reveal individual differences. Brain Lang. 59,
494–522. doi: 10.1006/brln.1997.1793
Osterhout, L., and Holcomb, P. J. (1992). Event-related brain potentials elicited
by syntactic anomaly. J. Mem. Lang. 31, 785–806. doi: 10.1016/0749-596X(92)
90039-Z
Osterhout, L., and Holcomb, P. J. (1993). Event-related potentials and syntactic
anomaly: evidence of anomaly detection during the perception of continuous
speech. Lang. Cogn. Process. 8, 413–437. doi: 10.1080/01690969308407584
Osterhout, L., Holcomb, P. J., and Swinney, D. A. (1994). Brain potentials elicited
by garden-path sentences: evidence of the application of verb information
during parsing. J. Exp. Psychol 20:786. doi: 10.1037/0278-7393.20.4.786
Osterhout, L., and Mobley, L. A. (1995). Event-related brain potentials elicited by
failure to agree. J. Mem. Lang. 34, 739–773. doi: 10.1006/jmla.1995.1033
Pallier, C. (2007). “Critical periods in language acquisition and language attrition,”
in Language Attrition: Theoretical Perspectives, eds B. Kopke, M. S. Schmid, M.
Keijzer, and S. Dostert (Amsterdam: John Benjamins), 155–168. doi: 10.1075/
sibil.33.11pal
Paradis, M. (2003). The bilingual Loch Ness Monster raises its non-asymmetric
head again- or, why bother with such cumbersome notions as validity and
reliability? Comments on Evans et al (2002). Brain Lang. 87, 441–448.
doi: 10.1016/S0093-934X(03)00136-6
Paradis, M. (2007). “L1 attrition features predicted by a neurolinguistic theory
of bilingualism,” in Language Attrition: Theoretical Perspectives, eds B. Köpke,
M. S. Schmid, M. Keijzer, and S. Dosterst (Amsterdam: John Benjamins), 9–37.
doi: 10.1075/sibil.33.09par
Penolazzi, B., De Vincenzi, M., Angrilli, A., and Job, R. (2005). Processing
of temporary syntactic ambiguity in Italian “who”-questions: a study with
event-related potentials. Neurosci. Lett. 377, 91–96. doi: 10.1016/j.neulet.2004.
11.074
Polich, J. (2007). Updating P300: an integrative theory of P3a and P3b. Clin.
Neurophysiol. 118, 2128–2148. doi: 10.1016/j.clinph.2007.04.019
Rippert, A., and Kuiken, F. (2009). L2-induced changes in the L1 of Germans
living in the Netherlands. Bilingualism 13, 41–48. doi: 10.1017/S1366728909
990320
Sabourin, L., and Stowe, L. A. (2008). Second language processing: when are
first and second languages processed similarly? Second Language Research 24,
397–430.
Sabourin, L. L. (2003). Grammatical Gender and Second Language Processing: An
ERP Study. Doctoral dissertation, Rijksuniversiteit Groningen, Groningen.
Schlesewsky, M., Fanselow, G., Kliegl, R., and Krems, J. (2000). “The subject
preference in the processing of locally ambiguous wh-questions in German,”
in German Sentence Processing, eds B. Hemforth and L. Konieczny (Dordrecht:
Springer), 65–93.
Schmid, M. S. (2010). Languages at play: the relevance of L1 attrition to the study
of bilingualism. Bilingualism 13, 1. doi: 10.1017/S1366728909990368
Schmid, M. S. (2011). Language Attrition. Cambridge: Cambridge University Press,
doi: 10.1017/CBO9780511852046
Schmid, M. S. (2013). “First language attrition as a window to constraints
on bilingual development,” in Proceedings of the Keynote Lecture at the
International Symposium on Bilingualism (ISB9), Singapore,
Schmid, M. S., and Dusseldorp, E. (2010). Quantitative analyses in a multivariate
study of language attrition: the impact of extralinguistic factors. Second Lang.
Res. 26, 125–160. doi: 10.1177/0267658309337641
Schmid, M. S., and Köpke, B. (2011). L’attrition de la première langue en
tant que phénomène psycholinguistique. Lang. Interact. Acquis. 2, 197–220.
doi: 10.1075/lia.2.2.02kop
Schriefers, H., Friederici, A. D., and Kuhn, K. (1995). The processing of locally
ambiguous relative clauses in German. J. Mem. Lang. 34, 499. doi: 10.1371/
journal.pone.0146194
Silva-Pereyra, J. F., and Carreiras, M. (2007). An ERP study of agreement features
in Spanish. Brain Res. 1185, 201–211. doi: 10.1016/j.brainres.2007.09.029
Sorace, A. (2011). Pinning down the concept of “interface” in bilingualism. Linguist.
Approaches Biling. 1, 1–33. doi: 10.1016/0013-4694(75)90263-1
Squires, N., Squires, K., and Hillyard, S. (1975). Two varieties of long-
latency positive waves evoked by unpredictable auditory stimuli in man.
Electroencephalogr. Clin. Neurophysiol. 38, 387–401. doi: 10.1016/0013-
4694(75)90263-1
Steinhauer, K., and Drury, J. E. (2012). On the early left-anterior negativity (ELAN)
in syntax studies. Brain Lang. 120, 135–162. doi: 10.1016/j.bandl.2011.07.001
Steinhauer, K., Drury, J. E., Portner, P., Walenski, M., and Ullman, M. T.
(2010). Syntax, concepts, and logic in the temporal dynamics of language
comprehension: evidence from event-related potentials. Neuropsychologia 48,
1525–1542. doi: 10.1016/j.neuropsychologia.2010.01.013
Steinhauer, K., Mecklinger, A., Friederici, A. D., and Meyer, M. (1997). Probability
and strategy: an event-related potential study of processing syntactic anomalies.
Z. Exp. Psychol. 2, 305–331. doi: 10.3758/BF03197249
Steinhauer, K., White, E. J., and Drury, J. E. (2009). Temporal dynamics of late
second language acquisition: evidence from event-related brain potentials.
Second Lang. Res. 25, 13–41. doi: 10.1177/0267658308098995
Tanner, D. (2015). On the left anterior negativity (LAN) in electrophysiological
studies of morphosyntactic agreement: a Commentary on “Grammatical
agreement processing in reading: ERP findings and future directions” by
Molinaro et al., 2014. Cortex 66, 149–155. doi: 10.1016/j.cortex.2014.04.007
Tanner, D., Inoue, K., and Osterhout, L. (2014). Brain-based individual
differences in online L2 grammatical comprehension. Bilingualism 17, 277–293.
doi: 10.1017/S1366728913000370
Tanner, D., McLaughlin, J., Herschensohn, J., and Osterhout, L. (2013). Individual
differences reveal stages of L2 grammatical acquisition: ERP evidence.
Bilingualism 16, 367–382. doi: 10.1017/S1366728912000302
Tanner, D., and Van Hell, J. G. (2014). ERPs reveal individual differences in
morphosyntactic processing. Neuropsychologia 56, 289–301. doi: 10.1016/j.
neuropsychologia.2014.02.002
Thierry, G., and Wu, Y. J. (2007). Brain potentials reveal unconscious translation
during foreign-language comprehension. Proc. Natl. Acad. Sci. U.S.A. 104,
12530–12535. doi: 10.1073/pnas.0609927104
Timmer, K., Ganushchak, L. Y., Ceusters, I., and Schiller, N. O. (2014). Second
language phonology influences first language word naming. Brain Lang. 133,
14–25. doi: 10.1016/j.bandl.2014.03.004
Tokowicz, N., and MacWhinney, B. (2005). Implicit and explicit measures
of sensitivity to violations in second language grammar: an event-related
potential investigation. Stud. Second Lang. Acquis. 27, 173–204. doi: 10.1017/
S0272263105050102
Frontiers in Psychology | www.frontiersin.org 21 March 2017 | Volume 8 | Article 389
fpsyg-08-00389 March 28, 2017 Time: 16:38 # 22
Kasparian and Steinhauer Processing Changes in L1 Attrition
Traxler, M. J., Morris, R. K., and Seely, R. E. (2002). Processing subject and object
relative clauses: evidence from eye movements. J. Mem. Lang. 47, 69–90. doi:
10.1006/jmla.2001.2836
Traxler, M. J., Williams, R. S., Blozis, S. A., and Morris, R. K. (2005). Working
memory, animacy, and verb class in the processing of relative clauses. J. Mem.
Lang. 53, 204–224. doi: 10.1016/j.jml.2005.02.010
Tsimpli, I., Sorace, A., Heycock, C., and Filiaci, F. (2004). First language
attrition and syntactic subjects: a study of Greek and Italian near-native
speakers of English. Int. J. Biling. 8, 257–277. doi: 10.1177/1367006904008003
0601
Van Berkum, J. J., Hagoort, P., and Brown, C. M. (1999). Semantic integration
in sentences and discourse: evidence from the N400. J. Cogn. Neurosci. 11,
657–671. doi: 10.1162/089892999563724
van Herten, M., Kolk, H. H., and Chwilla, D. J. (2005). An ERP study of P600 effects
elicited by semantic anomalies. Cogn. Brain Res. 22, 241–255. doi: 10.1016/j.
cogbrainres.2004.09.002
Van Petten, C., and Kutas, M. (1991). Influences of semantic and syntactic
context on open-and closed-class words. Mem. Cogn. 19, 95–112. doi: 10.3758/
BF03198500
Weckerly, J., and Kutas, M. (1999). An electrophysiological analysis of animacy
effects in the processing of object relative sentences. Psychophysiology 36,
559–570. doi: 10.1111/1469-8986.3650559
White, E. J., Genesee, F., and Steinhauer, K. (2012). Brain responses before and
after intensive second language learning: proficiency based changes and first
language background effects in adult learners. PLoS ONE 7:52318. doi: 10.1371/
journal.pone.0052318
Whitford, V., and Titone, D. (2012). Second-language experience modulates first-
and second-language word frequency effects: evidence from eye movement
measures of natural paragraph reading. Psychon. Bull. Rev. 19, 73–80. doi:
10.3758/s13423-011-0179-5
Woodcock, R. W., McGrew, K. S., Mather, N., and Schrank, F. A. (2003).
Woodcock-Johnson III Diagnostic Supplement to the Tests of Cognitive Abilities.
Itasca, IL: Riverside, doi: 10.1177/003435520104400407
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2017 Kasparian and Steinhauer. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.
Frontiers in Psychology | www.frontiersin.org 22 March 2017 | Volume 8 | Article 389
